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@ The widespread use of triple-alloy steels containing Nickel, chro- 
mium and molybdenum is based on extensive experience in widely 
divergent engineering fields. 

It has been found that they can be counted on for consistent per- 
formance. The depth to which full hardness is developed is com- 
parable to that attained by other alloy steels. Their response to 

heat treatment is dependably uniform. 

Moreover, the wide range of compositions available, makes 

it possible to select accurately suitable alloy steels for a broad 

range of applications. 
Inquiries regarding the selection and uses of triple-alloy 


steels containing Nickel are invited. 
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Control of Engineering Projects 


T. B. HOLLIDAY, Colonel, A.C. 
Asst. Chief, Equipment Laboratory, 


Propulsion and Accessories Subdivision, Engineering Division 


Development of the organization and statistical control now used by the Army Air Forces 
Equipment Laboratory are described in detail. The heart of this development is the use 
of management committees and a simple visual presentation of the status of all engineer- 
ing projects, indicating those which are having difficulty in meeting their schedule. 


TOO OFTEN it has been said that crea- 
tive power is intagible and cannot be com- 
mandeered. However, once requirements are 
known, creative power can be scheduled 
through the assignment of specific phases 
yf engineering development to technically 
qualified personnel. Such scheduling must 
and has been done and this article sum- 
marizes the experience of a pioneer in this 
field. The organization concerned is com 
prised of military and civilian personnel 
numbering approximately 1,200, who have 
the responsibility for developing and testing 


of aircraft equipment. It is the Air Tech- 
nical Service Command’s Equipment Lab- 
oratory, one of the fifteen laboratories which 
comprise the Army Air Forces Engineering 
Division located at Wright Field, Dayton, 
Ohio. 

The place of the Equipment Laboratory 
in the Engineering Division of the Air 
Technical Service Command is shown in 


Fig. 1. The Engineering Division responsi 
bility has been divided into four sub-divi 


sions comprising fifteen Laboratories. The 
Equipment Laboratory is one of the larger 
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Laboratories and, because of the variety of 
items included in its development program 
has often been referred to as the “Sears 
Roebuc'.” of the Air Technical Service Com- 
mand’s Engineering Division. 

At the present time, this program includes 
approximately one thousand development 
projects. An overwhelming majority of these 
development projects are linked with already 
scheduled future military aircraft thus, there 
is an obvious need for competent manage- 
ment to insure: 


1. That these future aircraft will include 
the finest type of equipment 

2. That the equipment will be ready 
when needed. 

3. That the equipment will be developed 
at a minimum cost to the taxpayer. 


To attain these objectives the manage- 
ment of the Equipment Laboratory, since 
the size of the organization approaches that 
of a small industry, believed that operat- 
ing procedures justified modern business 
methods. Therefore, Colonel G. V. Hol- 
loman, former Chief of the Laboratory, and 
his Assistant, Colonel J. G. Hopkins, called 
in consultants. The company which studied 
the Laboratory and its specific problems was 
The Trundle Engineering Company, and 
Dr. L. W. Wallace of that company has 
contributed much to the resultant plan. 
However, the plan, as finally evolved, repre- 
sented the best thoughts of many minds, 
much study and some months of trial. 

The basic task of the Equipment Lab- 
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oratory is the preparation of engineering 
requirements for specifications. If the speci- 
fications are properly prepared the Procure- 
ment Division of the Air Technical Service 
Command can buy the item concerned from 
any competent manufacturer knowing that 
meeting the specifications will guarantee a 
suitable article. In the course of preparing 
the specification engineers of the Laboratory 
must “see the need,” put engineering re- 
quirements and tests in a preliminary speci- 
fication, procure an experimental article, test 
that article, modify it, submit it to service 
tests and finally when satisfactory standardize 
it. The specification is then brought up-to- 
date and released as a standard for procure- 
ment purposes. 

The objective of the Equipment Lab- 
oratory is to furnish the best aeronautical 
equipment, when it is needed, at a minimum 
cost to the taxpayer. To accomplish this 
objective it has been organized to distribute 
the multitudinous problems arising from the 
accomplishment of this task to members of 
a committee comprising the management of 
the Laboratory, rather than load them on 
the shoulders of the Chief of the Lab- 
oratory. In setting up this management 
committee it was quickly recognized that 
well defined responsibilities were necessary 
so that individual members could function 
efficiently. These responsibilities consisted 
of (1) planning, scheduling and controlling, 
(2) furnishing administrative services, (3) 
carrying out the established program. 

Three Staff departments were set up to 
discharge these functions and specific re- 
sponsibilities were assigned them. The Lab- 
oratory Chief, his Assistant Chief and the 
three department heads, comprise the man- 
agement committee of the Laboratory. Re- 
sponsibility for the development of related 
items of equipment is assigned to six en- 
gineering branches. Each branch has well 
defined fields of endeavor which prevent 
encroachment upon each other’s program. 
In addition, there are two branches whose 
primary function is that of furnishing special 
testing and housekeeping services to the 
engineering branches. The organization of 
each branch Staff duplicates that of the 
Laboratory Staff, since the three functions 
described are common to all levels of any 
organization. Fig. 2 shows the Laboratory 
organization. 

After responsibility has been definitely 
established through brief but clearly written 
directives, a system of statistical control was 
devised and introduced for the purpose of 
furnishing different management committees 
statistical information concerning the de- 
velopment program. These statistics, once 
gathered, are placed in a “control room” 
where they are available to the management 
committees who meet there. 

A final need that became apparent was 
that of collecting in standard practice man- 
uals methods of proceedure as aids to cnable 
new personnel to quickly learn standard 
practices, to assure compliance with these 
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practices, and to furnish handy sources of 
reference for the settlement of methods of 
procedure in question. 

The heart of the Equipment Laboratory 
plan for control of engineering is the man- 
agement committee. In addition to short 
daily committee meetings held by the Head- 
quarters Staff and by the different Branch 
Staffs, weekly meetings are conducted by 
Staff Department Heads and their cor- 
responding Branch Staff members. The 
Assistant Chief for Administration, the As- 
sistant Chief for Planning and Control, and 
the Assistant Chief for Operations meet 
their corresponding Branch Staff members 
on successive days. On the fourth day the 
Branch Chiefs and the Laboratory Chief 
meet to discuss problems which could not 
be settled in the different staff meetings. 

In addition to these meetings, the Branch 
Chiefs hold periodic Unit Chief meetings. 
At these meetings policy decisions are 
quickly disseminated, individual engineer- 
ing and management problems are brought 
into the open and attacked by the best avail- 
able Laboratory talent. Coordination of the 
many items of information streaming into 
the organization is thus accomplished for 
all echelons. An important benefit of these 
committee meetings is that leadership is de- 
veloped and quickly recognized, thereby fur- 
nishing qualified replacements for executives 
who, under the Army system of transfer, are 
frequently in demand. 

In this organizational setup the Lab- 
oratory Chief, the Assistant Laboratory 
Chief and the Assistant Chief for Opera- 
tions are the only ones who exercise com- 
mand functions from the Staff level. The 
same holds true for their respective staff 


equivalents on the Branch level. Thus, thi: 
organization with competent people in ke; 
positions and with proper assignment of 
responsibilities will leave the Laboratory 
Chief with little to do within the organiza 
tion. It is the duty of the Laboratory Chief 
to protect the organization and obtain for 
it the assistance from higher echelons which 
will enable the Branch or Laboratory to 
accomplish its objective. Thus, the Assistant 
Chief is active in running the organization, 
primarily specializing in administrative and 
policy matters. Technical matters are left 
for the Assistant Chief for Operations. It 
is apparent that the Assistant Chief and 
the Assistant Chief for Administration func- 
tion as a team, as well as the Assistant Chief 
for Operations and the Assistant Chief for 
Planning and Control. 

An important member of the organiza- 
tion is the Assistant Chief for Planning and 
Control. This Staff member must try to 
visualize problems in the future. To do 
this he must study the program of the En- 
gineering Division, keep in touch with the 
activities of other Laboratories, technical 
advancements in industry and foreign de- 
velopments. With this information he can 
advise the Chief with regard to trends and 
needed developments. 

Control of the current program has also 
been placed with the Assistant Chief for 
Planning and Control and is a statistical 
recording of progress that can be made ap- 
parent by graphic charts. The Laboratory 
and Branches depend on this Staff member 
to say “No” to impossible proposals or ex- 
aggerated claims. The purpose of this con- 
trol is to avoid duplication of effort in the 
Engineering program and to avoid stepping 
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into the field of another Laboratory of the 
Engineering Division. 

The work of the Laboratory is divided 
nto projects. A project is defined as an 
effort which leads to a specification. This is 
the one common denominator in the dif- 
ferent engineering projeets of the Equipment 
Laboratory. It is obvious that specifications 
will be .needed for simple tools and com- 
plicated auxiliary engines, yet each is de- 
fined as a project. Often study for future 
work is classed as a project. 

Anyone in the Equipment Laboratory 
can propose a project and most projects are 
proposed by the engineer who is closest to 
the work. The project must go through 
channels which include the Assistant Chief 
for Operations, of the Laboratory. No one 
can stop the proposal although the Unit 
Chief, Branch Chief, Assistant Chief for 
Operations or the Planning Engineer can 
offer objections. If there are objections these 
are discussed in a meeting of all concerned. 

In submitting a proposal the engineer 
is asked to present the need for the proposed 
device, a history which includes a_ brief 
summary of other and similar developments 
within the Air Forces, other Services or 
Industry, the advantages of the proposed 

solution, the time required, the engineering 
and testing hours and a schedule therefore, 
the estimated funds that will be needed and 
a justification of the priority. This proposal 
then becomes a clearly presented foundation 
for the project which higher echelons can 
use in judging the necessity for the project 
and becomes a history of the project initia- 
tion in the records. 
Since there have been more projects than 
there were engineers and testing aides to 


care for, it has been necessary to establish 
a priority system. This system was devised 
by the Engineering Division and later super- 
seded by an Army Air Forces system. This 
includes three basic divisions of priority; 
1, 2 and 3, with three subdivisions; A, B, 
and C, making a total of nine subdivisions, 
as shown by Fig. 3. Priority 1 can be clas- 
sified as emergency, Priority 2 as urgently 
needed, and Priority 3 as desirable. The 
Equipment Laboratory considers it a dis- 
credit to have a No. 1 priority because it 
indicates that planning has not been ade- 
quate in the past. 

Once a project has been initiated it is 
important for the Laboratory management 
to know the progress of the project. Long 
ago, it was found that percentage is not 
a good measure of progress. An engineer, 
particularly a good development engineer, 
is an optimist; therefore, a percentage re- 
port would rapidly rise at monthly intervals 
to 90 percent when it would suddenly be- 
come static. To narrow the range for error 
the problems of developing an item were 
broken into specific phases. 

One attempt at such division of progress 
had ten phases, each representing 10 per- 
cent as shown by Fig. 4(A). When the 
engineer reported a status of 66 percent one 
knew that the item had been manufactured 
and delivered to the Laboratory; that it 
had successfully passed performance tests 
in the Laboratory and was more than half 
through environmental and life tests. Thus, 
the natural optimism of the engineer was 
confined to one phase. The division of 
phases that was finally adopted by the 
Equipment Laboratory is shown by Fig. 
4(B). These were six The 


in number. 


first phase is similar to the 10 percent mark 
on Fig. 4(A), the second phase to the 50 
percent mark and the third phase the 70 
percent mark. 

A progress through these phases is re- 
corded on a master card in the control 
office and this is shown by Fig. 5. The en- 
gineer is asked to estimate the date of com- 
pletion of each phase and is to record the 
satisfactory completion of critical tests. These 
estimates are reviewed by the Planning En- 
gineer because he has a background of ex- 
perience and past records on Laboratory 
performance. Other important information, 
such as procurement authority and priority 
are also included on the card so that this 
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Fig. 3—Classification of project pri- 
ority used by the Engineering Division 
of the Air Technical Servce Com- 
mand. 


Fig. 4—{A) Division of the develop- 
ment of a project into ten phases. 
(B) Six phases finally adopted by the 
Equipment Laboratory. 
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Fig. 5—{A) Control card for a development project. (B) Control card for a study 
project that does not involve procurement and test of an equipment item. 


becomes a brief picture of the entire project. 

his record is installed in the Kardex 
file in such a fashion that the lower edges 
are visible. A consolidated progress report 
is then prepared quite rapidly by photo- 
graphing these lower edges as shown by 
Fig. 6. This lower edge includes identifica- 
tion of the project, the manufacturer, the 
project engineer, the project number and 
the priority. Along the top half of this 
visible line are marked a calendar to the 
left half and the six development phases 
previously described in the right half. Slid- 
ing markers show progress across the phases 
in the right half. A flag with a circular 
hole in the calendar on the left half shows 
the estimated date of completion of the 
current phase. When the project is behind 
schedule a second marker with a triangular 
hole is attached to show the reestimated 


date. Where the project shows no progress 
during the preceding month it is marked 
with a striped flag. 

Organizationally, the projects are grouped 
by units. One photograph can show all 
of the projects being carried by one unit. 
The Branch receives four to ten photo- 
graphs each month showing the status of 
Branch activities. This portrayal facilitates 
executive action by Unit and Branch. 

With this system of control it is not 
necessary to study the progress of many 
projects. The points of danger have been 
flagged by striped markers and _ triangles. 
The Laboratory and Branch Chief can im- 
mediately identify the lagging projects and 
investigate the cause. 

It has been necessary to emphasize to 
the engineers of the Laboratory that tri- 
angles and striped markers are red flags 
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indicating that they need help in_ having 
obstructions removed. Too often the engi- 
neers feel that it is a discredit to have these 
flags of lagging progress made public. In 
some cases it might be a discredit, but it 
is the primary duty of the Branch and Lab- 
oratory Chiefs to thoroughly investigate 
the laggard projects, determine the reason 
for lateness and help the engineer in over- 
coming the difficulty. While the chart 
does point out the weaknesses in manage 
ment on the part of the engineer and his 
superiors it can also be used as the basis 
for helping weak individuals. The chart 
is just as emphatic in pointing out strong 
members of the organization. 

This chart alone is not sufficient. Other: 
are needed to present the whole story to Lab 
oratory and Branch management. Another 
chart which was designed by Major H. R. 
Collins presents operations data. On this the 
work load which lies ahead of the engineers 
and testing aides is easily determined. These 
data combined with details regarding the 
number of “no progress” and reestimated 
dates on the large chart shows management 
by the Branches and Units. Normally it 
would be expected that a Branch which 
had a heavy work load would also have a 
high number of no progress and triangular 
flags. Actually this often is not the case. 

Another phase of control concerns Un 
satisfactory Reports. An Unsatisfactory Re- 
port is a written description of failure or 
improper operation of a device and is sub 
mitted by tactical organizations. The aver- 
age engineer does not like to recognize the 
fact that his equipment has not been sat 
isfactory in service. Therefore, when an 
Unsatisfactory Report is received it is only 
human nature to postpone investigation and 
reply. However, this is the first obligation 
which the Engineering Division owes to the 
troops in the theatres and deserves first 
priority. To emphasize this, the Equipment 
Laboratory prepares a weekly list of the 
ten oldest Unsatisfactory Reports in the 
Laboratory. This focuses attention on Un- 
satisfactory Reports at least once weekly. 
This simple trick has reduced the number 
of Unsatisfactory Reports to an unprec 
edented low in four months and has te- 
sulted in the prompt preparation of replies. 
This same method was applied by one 
Branch to correspondence and the average 
time required for the answer of letters was 
cut more than two days in less than one 
month. 

This Laboratory makes every attempt to 
emphasize the environmental tests which 
are shown in the 60 percent phase of F'ig. 
4(A). It is only natural for the engineer 
to be primarily interested in the performance 
of the item under consideration since it 1s 
this performance which he has attempted 
to improve. Environmental tests which 10- 
clude all climatic conditions are not 4s 
interesting. Yet it is a lack of such tests 
that has permitted defective equipment to 
be delivered to the combat theatres where 
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it failed, often in storage alone. The nature 
of these tests can be realized from a study 
of the brief report of tests, Fig. 7, fur- 
nished by the Test Branch of the Equip- 
ment Laboratory. 

Another problem faced by the Laboratory 
was the keeping of adequate records on en 
gineering projects. Originally it was left 
to the engineer to decide how records would 
be kept and many engineers kept a project 
record book. There was often test data that 
was submitted by testing agencies and finally, 
there was always the correspondence which 
goes with any development. 
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The complete story of the project rested 
in at least four scattered places. The en- 
gineer would have a project record book 
and perhaps a copy of the test data. The 
stenographic file had the correspondence 
and a second file had the procurement 
authority. 


To correct this situation a project record 
file, Fig. 8, has been devised by the Equip- 
ment Laboratory. Stapled to the top cover 
is the original directive, the preliminary 
specification, procurement authority, the 
purchase order, the project proposal, ex- 
penditure order and other pertinent data. 
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In the body of the record is a complete and 
chronological record of the development 
Engineers are expected to include in this 
record pencil notations of the subject mat 
ter of all telephone calls and informal con- 
ferences. These records are checked monthly 
by the Unit Chief and periodically by the 
Branch and Operations Assistants. 

Another addition which the Equipment 
Laboratory adopted from industrial prac- 
tices was the preparation of Standard Prac 
tice Manuals. This includes the Project 
Engineers’ Manual, Supply Manual, Project 
Proposal Manual, Unsatisfactory Report 
Manual and others for those critical pro 
cedures within the Laboratory. With these 
Manuals everyone is able to understand 
methods used by other organizations within 
the Laboratory, more important, a good 
idea is developed within one Branch and is 
given to the others, and new _ personnel 
quickly learn standard practices. By these 
methods the operating efficiency of the 
Laboratory is steadily being improved. 


Fig. 6—Consolidated progress report 
showing the status of projects in one 
unit of a branch. 


Fig. 7—Test request and record card 
showing the different environmental 
tests performed in the Environmental 
Test Branch. 


Fig. 8—Project record file holder show- 
ing cover sheet that lists contents of 
project file. 
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Bendiz Products Division, Bendiz Aviation Corp 


Fig. |—A segmental rotary brake for airplane wheels, The lining segments provide a scav- 
enging action and the spaces between them permit the circulation of air for cooling. 


Friction Brake Classifications 
And Analyses of Their Design 


Seven types of brakes are enumerated, and the formulas for the two most com- [ 
monly used, the shoe and the band type, are derived. The application of | 
this method of analyses to automobile, aircraft and industrial brakes is shown | 
by examples and some trends in the design of such brakes are discussed. | 
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FRICTION BRAKES are used: (1) to stop — erally are descriptive of the means for oper- the band, the anchors for the shoes 0 


a machine or vehicle; (2) to control the ating the mechanisms for forcing and braking band, a mechanism to expand or contract 
speed of a descending load; (3) to prevent elements together. They are not discussed the shoes or band against the drum, Fig. -, 
movement of a load, machine or vehicle from here. Water brakes, exemplified by the and springs or other means of withdrawing 


| 
| 
a state of rest; and (4) to assist in steering Alden and Froude absorption dynamometers, the shoes or band from the drum when the | 
certain mobile machinery such as tractors electric dynamometers, electric brakes that _ brake is released. 


and earthmoving equipment. Friction provide dynamic braking through drum The friction material is secured to the 

brakes can be classified according to the controllers and similar types are also ex- band or shoes and rubs against the drum 

nature of the friction element as (1) band; cluded from the present discussion. during braking action. Shoes for the pur 

(2) shoe or block; (3) disk; (4) cone; Shoe brakes and band brakes can be pose of analysis are treated as rigid parts; 

5) coil; (6) clamshell; and (7) rope. either internal or external, although internal bands are flexible and allow bending the — 
Such terms as air brake, vacuum brake, — band brakes are rare. The principal elements _ brake lining. 

hydraulic brake and magnetic brake gen- of a brake are the brake drum, the shoes or Adjustments to equalize the clearance be 


Py 
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tween the lining and the drum, adjustments 
to compensate for wear of the lining and 
means of keeping the lining from dragging 
on the drum in the released position are 
other essential parts of brakes. None of 
these is discussed here. 


Brake Band Analysis 


The band is treated mathematically as 
though the friction material were concen- 
trated along the periphery of the drum. 
Since the band is flexible, the action of one 
section of it upon an adjacent section is 
represented by a single force—not by a force 
and a couple. Thus the free body diagram 
of a section of the band has forces acting 
upon it as indicated in Fig. 3(A). Fig. 3(B) 
represents a free body diagram of the band, 
in which station A is the anchor. 

Textbooks in mechanics prove that 

log. T/T. = 0 (1) 
where T and T, are the exterior tensions on 
the band, u is the coefficient of friction and 
@ is the angle of wrap expressed in radians. 
For calculations the equivalent form. 

T = Te"? (2) 
is more convenient, where e is the base of 
natural logarithms. Expressed in common 
logarithms Equation (2) becomes 


Anchor A Agi 
log T = log T, + uO log e - J is 
= log T, + 0.434290. (3) \ 
E . , . . _ . a ° . lan “\\ f 
quation (1) is invariant with the radius In s\ 
mS : A | 
of the drum. The unit pressure of the brake Ic |) ff 
lining against the drum however does de- c | | r } 
pend upon the drum radius, r, as well as a\vs 4 I 
upon the tensions. The frictional moment ‘ J LH RH / 
. 4 y 
exerted on the drum by the band is + y \ 4 
J \ a. 
M=(T-T.)r (4) ~e > Lotod 7, 
- ; —" TOSS Se 
If the anchor has the position shown in (B) (C) 


Fig. 2(A), the application of Equation (2) 
is made as follows: The two tensions T and 
T’, Fig. 3(C), are assumed to be equal. Let 


T, be the tension on the right half toward 
T’. By Equation (2) T, equals T’ e#4 so 
that the moment on the right half is 
Maz =(T,— T’)r = T' (e#®—1)r (5) 
The relation between the tensions on the 
left half is T equals T, e#@. The anchor ten- 
sion T,, is smaller than tension T so that 
the friction moment of the left half is 
Min =(T— TT.) r= T(1—1/e"%)r (6) 
If uw equals 0.3 and 6 equals 120 deg., i.e. 
2.0944 radians, substitutions of these values 
in Equations (5) and (6) yield 
Mea = T’ (1.875 — 1)r = 0.875 T’r, 
Mia = T (1 — 0.533)r = 0.477 Tr (7) 
Wrapping effect explains the difference in 
these two torques. The sum of them, i.e., 
1.352 T r, is the the total frictional moment. 
This moment can be compared with the 
frictional moment when the anchor is 
placed as in Fig. 3(B), where the equivalent 
angle of contact is 240 deg. equals 4.1888 
radians, and » equals 0.3. Substituting these 
values in Equations (2) and (4) yields 
M = 2.517 T, r. The frictional moment is 
increased 1.86 times by the change in the 


position of the anchor. The conclusion can 
be drawn that positioning the anchor is an 
important part of brake analysis and design. 


Self-Energizing Shoes 


The position of the anchor is equally as 
important in shoe brakes. It can be such 
that the frictional force itself tends to press 
the shoe against the drum. This causes the 
effective frictional moment of the shoe to 
be greater than that caused by the applied 
force alone. The shoe is said to be self- 
energizing. 

An analysis of the self-energizing feature 
has been made in this way: Fig. 4(A) shows 
a self-energizing shoe A and a non-energizing 
shoe B being separated by a force P. The 
moment of the force P about anchor A 
is Pp. Let the resultant frictional force on 
the shoe be F. If u is the coefficient of fric- 
tion, the corresponding drum reaction on 
the shoe is F/u. Taking moments about 
anchor pivot A, 


Pp = F (b/u—o) (8) 


Similarily the moment equation of the 
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Fig. 3—Free-body diagrams illustrating 


the forces acting on a flexible brake 


band and upon a section of the band for different locations of the anchor. 
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Fig. 2—Diagrams showing the basic elements of brakes: The drum, band or shoes, anchor, 

be- actuating and retracting mechanisms. (B) A diagram of the Lockheed automobile brake. 
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Fig. 4—(A) Shoe A is self-energizing and shoe B is non- 
energizing for the drum rotation indicated; (B) The shoes 
A and B are connected by floating link AB to give servo action 
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Fig. 5—Bendix type automobile brakes: (A) Duo-Servo, and (B) Jeep brake. 


three forces P, I'’/u and F’ about anchor 
pivot B is 


Pp =F (b'/u +c’). 9) 


Equating Equations (8) and (9) and 
solving for F gives 
- — 
pee tuk 10) 
| eee uC 
Obviously from a study of I.yuation (10) 
the frictional force F on the scif-energizing 
shoe will be greater than the frictional force 
F’ on the non-energizing shoe for any con- 
sistent set of dimensions b, hb’, c, and c’. 
Also the sclf-energizing effect is more pro- 
nounced for larger coefficients of friction. 
As a quantitative idea of the magnitude of 
selfenergization suppose « is 0.3 and that 
b, b’, c and c’ are equal, then 


F = 1.86.F’ 11) 


The position of the anchor might be se- 
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lected so that the factor (b/u—c) in Equa- 
tion (8) is negative. The shoe could be- 
come self-locking and as a consequence the 
brake would be uncontrollable. 


The Servo Shoe 


\ servo brake is one in which one shoe, 
the leading shoe, transfers a resultant force 
to a trailing shoe through a floating link. 
Thus in Fig. 4(B) the initial force P is 
applied to the leading shoe A. The trailing 
shoe B gets its applied force from shoe A 
through link AB. Both shoes have a com- 
mon anchor C, which is near the actuating 
mechanism. For one direction of rotation 
shoe B butts against the anchor, as shown; 
in the reverse direction of drum rotation 
shoe A would butt against the anchor. 

Both shoes are self-energizing. To get an 
idea of the magnitude of the self-energiza- 
tion an analysis with two shoes in tandem 
is made as follows: Moments of the forces 


acting on the leading shoe about the floating 
pivot A give 


Pp = F (b/u —c) (12) 


The force transferred from shoe A to shoe B 
is on the order of magnitude of (F+P) 
seca, so that moments of the shoe B about 
the fixed anchor is 


(F + P)p seca = F’(b’/p — c’) (13) 


Combining Equations (12) and (13) to 
eliminate P and solving for F’ gives 
pr a (6/u + p — ©) seca 


© Se Rind 14 
V/u—c 





If b, b’, c and c’ are made equal to p/2, 
a is taken as 30 deg. and uw is 0.3, then F’ 
equals 2.1 F so that the frictional force on 
the trailing shoe is roughly double that on 
the leading shoe. 


Automobile Brakes 


Internal shoe brakes are used extensively 
on automobiles. Not only are there a good 
many types of automobile brakes but also 
numerous modifications of the different 
types. The Bendix, Ford, Huck, Lockheed, 
Midland, Timken and Wagner are well 
known types. A few representative types 
are discussed briefly. 

Two Bendix brakes are shown in Fig. 5 
Each is mounted on the backing plate. ‘lhe 
Duo-Servo brake, which is used on passenger 
cars, has the anchor near the wheel cylin 
der, Fig. 5(A). The floating link, diame 
trically opposite the wheel cylinder, also 
carries an adjustment screw. This brake has 
servo action in both directions of rotation 
and is designed to give an equal frictional 
moment in either direction of rotation. 

The anchors of the Jeep brake, Fig. 5(B) 
are fixed to the backing plate so that one 
shoe is self-energizing in either direction of 
rotation. The Ford brake and the Lockheed 
brake, Fig. 2(B), are basically the same as 
the Jeep brake. 

The mechanically operated Huck brake 
has a link mechanism that carries and posi 
tions the shoes. The shoes are self-energiz 
ing. Vig. 6(A) illustrates one modification 
with a long shoe and a short shoe. The 
long shoe anchors against the backing plate 
through the link A during forward rotation 
of the drum. Other modifications of this 
brake have two long shoes. 

The Midland steeldraulic brake has two 
pieces of friction material mounted on 
circular band, Fig. 6(B). One piece 
mounted on a flexible portion of the band; 
the other picce is mounted on a rigid p 
tion, which is of the conventional shoe typ 
The band assembly is suspended from 
anchor. It is held against the backing pla 
by clips or springs. 

In forward rotation of the drum the £1 
ible side of the band transfers an applicd 
force to the trailing shoe as in servo action, 
the shoe being against the anchor. In te 
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Fig. 6—Diagrams of some other automobile brakes: (A) Huck; (B) Midland Steeldraulic; and (C) Wagner Hi-Tork. 


reverse direction the flexible portion is the 
trailing element and butts against the an- 
hor. 

The Midland brake is operated by a 
toggle mechanism between the shoe and 
the flexible portion. A stop on the toggle 
limits its movement and prevents locking 
of the brake. In the released position a 
clearance of Ye in. is maintained between 
the flexible portion and the anchor. This 
brake requires more clearance between the 
brake linings and the drum than the other 
tvpes that have been discussed. A clearance 
of 0.040 in. is recommended whereas about 
0.010 in. is sufficient for the other types. 

A Wagner Hi-Tork brake is illustrated in 
Fig. 6(C). In forward rotation of the drum 
both shoes are self-energizing, the anchors 


being at A and B for the forward and rear 
shoes respectively. The small cylinder oper- 
ating through the linkage causes an applied 
force at the toe of the rear shoe equal to 
that caused by the larger cylinder at the 
toe of the forward shoe. This results in 
both shoes doing the same amount of work 
on forward stops thereby equalizing lining 
wear. 

When stops are made in reverse, B tre- 
mains the anchor for one shoe, but C be- 
comes the anchor for the other. Thus one 
shoe is self-energizing and the other is non 
energizing during the reverse direction of 
rotation. 

Band and disk brakes are of secondary im 
portance in automotive vehicles. Band 
brakes are used on transmission and propeller 
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Fig. 7—A self-energizing, single-shoe reversible brake for 
airplane wheels having equal torques in either direction. 
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shafts as parking brakes. Disk brakes are 
used as transmission shaft brakes on heavy 
trucks. They are used also on tractors. 


Airplane Wheel Brakes 


Three tvpes of airplanes wheel brakes are 
in general use; namely, the shoe, disk and 
expander tube types. The shoe and single 
disk brakes are used on small and medium 
aircraft; multiple disk and expander tube 
brakes are used on medium and large air- 
craft. 

The principle parts of a single-shoe re- 
versible brake are illustrated diagramically in 
Fig. 7. The hydraulic actuating mechanism 
ind two anchors are bolted to a stationary 
torque plate. The one-piece shoe rotates 


= 
bel 
» 
~ 
Ean | 
> 
> 
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Fig. 8—An airplane wheel brake with a single disk of 
molded material and forced cooling of the stator disks. 
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slightly, depending upon the direction of 
the drum rotation, until one of the slotted 
links butts against an anchor and rotates 
slightly about it to expand the shoe against 
the drum. Thus the shoe is self-energizing 
and gives equal torque in either direction of 
rotation. Clearances between the brake lin- 
ing and the drum of from 0.008 to 0.010 
in. have been maintained within a 12-in. 
drum. 

A single disk brake is shown, withdrawn 
from the wheel, in Fig. 8. In the operating 
position the disk of molded lining engages 
the splines in the wheel and rotates with 
it. The stator disks are aluminum. They 
are faced with a copper alloy of high ther- 
mal conductivity and have forced cooling. 
An annular piston, which is actuated by 
hydraulic pressure, displaces the outward 
stator disk axially to squeeze the brake lin- 
ing between the stators. 

The expander tube brake is illustrated by 
Fig. 9. The wheel casting is magnesium 
alloy. ‘The brake drums have cast iron fric- 
tion surfaces centrifugally cast on the inner 
surfaces of stamped steel shells. 

The brake blocks are independent. Each 
block transfers its friction moment to the 
torque lugs in the frame. The blocks are 
§ in. in thickness and need to be replaced 
after ss in. wear. Leaf type springs, called 
retractor springs hold the blocks in place. 
These springs also return the blocks to the 
released position and deflate the expander 
tube upon the release of the operating pres- 
sure. The initial clearance in a 20-in. drum 
is about 0.075 inch. 

The expander tubes are synthetic rubber. 
Upon being filled with air or oil under pres- 


Fig. 9—{A) An expander tube brake and wheel. (B) A section through the brake show- 


sure, they expand outward against the brake 
blocks, forcing the blocks radially against 
the drum. There is no self-energizing or 
servo action. 

A segmental rotary brake is shown by 
Fig. 1 and 10. The lining segments pro- 
vide a scavenging action. The metal seg- 
ments have limited movement to allow for 
expansion upon heating and for clearance 
upon the release of braking action. Brakes 
of this type as small as 5 in. and as large 
as 31 in. in diameter have been made. 


Industrial Brakes 


Band brakes and external shoe brakes are 
widely used in industrial applications. Fig. 
11 is one manufacturer’s illustrations of the 
latter type. This brake happens to be actu- 
ated by springs. Magnet actuated linkages 
compress the springs and hold them com- 
pressed while the brake is released. Fig. 11 
(B) shows the linkage arrangement for the 
shoes and the positions of the anchors on 
the shoes. 

The brake shown in Fig. 11 is available 
in drum sizes up to 36 in. in diameter but 
much larger band brakes and post brakes are 
on the market and in use. Large brake 
drums are common on mine hoists where 
drums more than 20 ft. in diameter have 
been used. Protection against overspeed, 
power failure, abrupt stops and other safety 
measures no doubt are of greater concern 
than braking action in the design of such 
brakes. 

The disk type of brake is used to a 
limited extent in industrial applications and 


once in a while a cone brake is used. For 





example conical shaped brakes are used on 


paper winding machines. Disk and cone 
clutches are more numerous than _ brakes 


and often serve both as brakes and clutches. 

The rope brake is a variety of the band 
brake in which the band is replaced by a 
rope or ropes. It is used sometimes like a 
Prony brake in which the pull is measured 
by a spring balance. Equation (1) applies. 

Friction Materials 

Brake linings are available in such variety 
that practically any demand for sizes, shapes 
and coefficients of friction can be met. 
Molded linings have been made into brake 
blocks as large as 4x18x30 in. and into saw- 
toothed shoes for braking action against V- 
belt pulleys and screw threads. 

Some engineers design and develop brakes 
to operate equally well with more than one 
type of lining. This practice has the ad- 
vantage of more than one source of supply. 
But more than that, it leads to the develop- 
ment of a brake that is less likely to be 
affected by the normal variations in the con 
ditions of operation and maintenance. 


Brake Design Trends 


The trend today in the design of brakes 
is toward standardization and interchang- 
ability of parts, lower initial and mainten 
ance costs, simplier and automatic adjust- 
ments, forced cooling and the adaptation of 
brakes designed for one service to other 
kinds of service, for example, devices in 
automobile brakes to compensate automatic 
ally for lining wear and the development of 
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ing the expander tube, the pressure valves and the mounting of the brake blocks. 


] 
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Bendiz Products Division, Bendig Aviation Corp. 





Fig. 10—Sectional views showing (A) construction of the segmental rotary brake, (B) brake installed in wheel. 





expander tube brakes for automobiles. Also 


n the automobile industry several brakes of 
lifferent modifications are designed simul- 


taneously so that the utilization of identical 
parts can be adjusted to advantage. 


In the airplane industry brakes are re- 
lesigned with the idea of having fewer sizes 
ymprise a series of standard sizes. Parts are 
lesigned so that they can be used on more 
han one size. The same trend, perhaps 

a lesser degree, is noted in the design 
f brakes for industrial service. 

Both the automobile brake and the air- 
lane wheel brake are being considered by 
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design engineers for other kinds of indus- 
trial applications. The greater cost of these 
brakes over simple band brakes has been an 
argument against wider use of them, but the 
reductions in costs resulting from simplier 
designs and standardization tend to offset 
this argument. 

Forced cooling, particularly on airplane 
wheel brakes, is another forward step. High 
temperatures cause brake linings to wear 
faster and drums to heat check and become 
distorted. Forced cooling on applications 
where high temperatures must be tolerated 
promises to maintain temperature extremes 


The Clark Controtler Co. 


Fig. |1I—A spring actuated brake of the external shoe type. The springs are compressed by magnet to release brake. 


to the point where brake life will be longer 
and maintenance costs lower. 

For the most part friction brakes are 
designed by brake specialists, who constantly 
are looking for ways to improve brake per- 
formance. In view of this the average de- 
signer may well seek and use their services. 
This does not bar him however from con- 
sidering the extension of proved types of 
brakes to new and different applications. 


Epiror’s Note: In an article, beginning on 


page 39 in the January 1946 number, fric- 
tion brake linings are discussed. 
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Crosley Car 








Has Aluminum Body 


And a Brazed All-Steel Cylinder Block 


ALUMINUM BODY is used on the new 
Crosley car. Manufactured by Crosley Motors, 
Inc., the car has a four-cylinder, water-cooled, 
furnace-brazed, sheetsteel, high-speed 264 hp. 
engine. Car is a two-door model seating four 
persons. Length is 145 in. from bumper to 
bumper and wheelbase is 80 in. with a 40 in. 
tread. Overall height is 57 in. and_ overall 
width is 49 in ‘Transmission is conventional, 
having three speeds forward and reverse. 


Engine has a bore of 2% in. and a stroke 
of 2% in. giving a displacement of 44 cu 
in. Overhead camshaft has a bevel-gear 
drive. Compression ratio is 7.5 to 1 and 
maximum power is obtained at 5,200 r.p.m 
In addition the brazed-steel cylinder block, 
the crankshaft pulley, fan assembly and 
fan pulley, and the water pump impeller 
and pulley also are brazed-steel stampings 
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Cylinder block consists of approximate- 


machining. Light-walled alloy steel tub- exhaust parts, 





Valve guide 
subassembly 








valve cases and water 
ing is used for the cylinders and cam _ jackets. Inside of water jacket is cov- 
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follower guides, and sheet steel stamp- ered with a clear, hard coat of plastic, 
ly 120 pieces and weighs 14 lb. before’ ings for the cylinder heads, intake and which after 


baking becomes so durable 
that it cannot be removed with a strong 
caustic or acid solution. 


Cylinder block parts are held in place, before brazing, by shrink 
fits, spot welds or crimping operations to form a firm structure. 
Assembly is brazed in a special furnace at 2,060 deg. F. Speed of 
temperature drop, after brazing is complete, determines the hard- 
ness of the cylinder walls, cam follower guides and intake and 
exhaust valve seats. Cylinder walls, made from SAE 4140 steel, 
harden to about 280 Brinell. Tungsten vanadium alloy valve seat 
inserts harden to about 450 Brinell. Warpage is held to about 
1/64 in. in 16 in. by careful design of all parts. 
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4 
Two duplicate 
stampings 
spot welded 
together to 
carry threaded 
bushings for 
| camshaft? bearing 
| cap screws 





Top plate of valve 
tappet guide subassembly 


Typical of the many stamped parts used 
in the construction is the cylinder block 
water jacket. Jacket is first blanked 
from sheet and then formed to its final 
shape for use in the cylinder block 


7 Crimped end of 
/ threaded bushing 










Ring assembly. 

locks bushing 

In place when 

sides are ; 

welded together Camshaft support carries the capscrew 


nuts for the camshaft bearings. Made 
from two stampings, spot welded to- 
gether, this forms one of the subas- 
semblies used in the cylinder block 
construction. When in place this part 
supports the camshaft bearing, ties the 
sides of the valve box together, and the 
top to the base. 











(Continued on next page) 
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Crosley Car (continued) 
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Crankshaft has five main bearings 
and is completely counterbalanced. 
Pistons are cast from heat-treated 
aluminum alloy and skirts are cam 
ground after final machining. Piston 
pins are of the full-floating type with 
aluminum plugs in each end. Main 
and connecting rod bearings are steel- 
backed precision bearings. 


Valve guide box is held, before braz- 
ing, to the top of the cylinder block 





























. é ss by crimping the valve stem guides. 
ye = 7 
: % Crantshal? ‘ This is typical of the crimping op- 
@ : : erations used in the assembly of the 
: > + mm. : cylinder block. 
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Camshaft drive shaft acts as an oil pressure line to tie frocrap.nnong 
carry oil to the overhead camshaft. Tee connection | assembly fo top of 
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drive shaft to make the transfer possible. 
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Overhead camshaft is drilled the full 
length for pressure lubrication of five 
aluminum bearings. Cams actuate 
hardened and ground valve lifters 
guided in alloy steel bushings in the 
cylinder block. Intake and ‘exhaust 
valve heads are 21-12 chrome nickel 
steel and stems are SAE 3140 steel 
with flame-hardened tips. 
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Foot-Controlled Hydraulic Brake System 
Cushions Stop on Power Failure 


HYDRAULIC BRAKE CONTROL for a combina- 
tion service and parking brake is intended for use on 
overhead cranes, whirler cranes, coke pushers, larry 
cars, door machines and transfer cars. Developed by 
the Wagner Electric Corporation for their type HM 
x crane bridge-brake, the control unit gives cushioned 
i gam A ee ae: nian dean when power fails sts crane runs 
oe EN : — Fe beyond the safe limits on the runway. With this con- 
trol unit in the brake system the operator has a 
hydraulic brake for service stops, a spring-set brake for 
parking, and an automatic brake in emergencies 
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The crane braking system (right) operates when the main ak 
line switch closes. Full application of the master-cylinder = 
foot-pedal compresses the brake-setting spring mounted on a s 
the hydraulic releasing cylinder. After the setting spring is ; 
fully compressed, the hydraulic pressure switch closes, com- Hydraulic” 
ti ic circuit < gizi » magnetic —— 
pleting the electric circuit and energizing the ag 7) 5 a oviteds 
check valve. The setting spring remains compressed as a an ee 
long as the magnetic check valve is energized, since the Hydraulic > | 
check valve traps the fluid in the hydraulic releasing releasing 7 | 
cylinder. Upon release of the foot pedal, brake lever arm | cylinder | 
: : : r 
is pulled down by the brake releasing spring, thus releasing Parts shown inside | so 
- I} / 
) the brake shoes. dotted area are No! ee closed | 
installed in crane cab "7 pusbuttan 
station with a | 
| signal light -- 
4 
. 
Solenoid | ad | 
Sealing cup _ Plunger. | Main line | 
Metering adlisk ae | | 
Hydraulic | | 
pressure | Hydraulic master 
switch = cylinder assembly | 
Plunger 
Line 
circu/t 


Control unit (left) has a transformer and a 
selenium rectifier cell that converts the a.c. line 
supply to 12 volt d.c. Solenoid holds plunger 
against escape port in sealing cup. Fluid from 
master cylinder passes through sealing cup, is 
forced through a tube, and then acts on the hy- 
draulic pressure switch plunger to actuate the 
hydraulic pressure switch. A disk meters the 
escape of fluid to allow the brake to set by spring 
action at a predetermined rate. 


Hydroulic 
pressure 
switch 





ropuct ENGINEERING — Marcu, 1946 19] 








PRODUCT DESIGNS 








Hydraulic, Electric and Mechanical Components 
Combined in New Machine Tool Control 


VERTICAL TURRET LATHE has new prin- 
ciples of control and operation. Developed by 
the Bullard Company, the machine is known as 
the Man-Au-Trol Vertical Turret Lathe. Ma- 
chine can be controlled either manually by the 
operator or automatically by Man-Au-Trol, a 
combination hydraulic-electric-mechanical control, 
applied to each head of the machine. Change 
from automatic to manual operation requires only 
the movement of a single master control lever 
attached to the mechanism. Man-Au-Trol con- 
trols direction of feed on each head, rate of feed 
on each head, direction of power traverse on each 
head, indexing of turret on each head and the 
spindle speed. Thus, thirty-nine different and 
unrelated functions can be controlled on either 
head, in any desired sequence. Maximum length 
of strokes is limited only by the size of the 
machine and strokes as short as 0.005 in. are 
obtainable with the Man-Au-Trol control. 





Man-Au-Trol is mounted on each head of the machine. 
Master control lever selects either manual or automatic 
operation. Lever has three positions; manual, automatic, 
and automatic stop. Automatic position is used when full 
automatic operation is desired. Automatic stop position is 
used when setting up machine and allows the operator to 
repeat a single operation until desired adjustment is 
obtained. Manual position gives full manual operation and 
selection of feed rate and feed direction. 
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Accumulator used in the 500 lb. per sq. in. line 
is a simple spring loaded piston designed to meet 
the requirements of any operation performed by 
the hydraulic system. 








500 /b. per sq.in. line 
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Three control units, the control drum, detector stop and detector 
switch, make up the Man-Au-Trol device. Control drum carries 
trip dogs that actuate levers which in turn operate small valves 
or switches to control hydraulic shifting of the machine into 
proper table speed and direction and rate of feed or traverse, or 
indexing the turret to bring the tools into position. Detector stop 
assembly is mounted adjacent to the head and comprises a series 
Supporting ; : 
wires " of wires upon which are mounted the detector stop blocks. These 
blocks are set at the proper point so that at the end of the desired 
travel the stop contacts the detector switch. Detector switch, also 
Detector mounted adjacent to the head so that relative motion exists 
switch between switch and detector block assembly, when contacted by 
the detector stop block actuates the mechanism which indexes the 
control drum automatically to the next position. Detector switch 
body of cast iron is mounted on a Bakelite base, with a synthetic 
rubber cover protecting the switch from dirt and cutting fluids. 


Detector 
stop blocks 


Feed shift levers are maintained in neutral by 500 lb. per sq. in. 
oil pressure acting on balanced pistons located at one end of the 
shift rods. Motion is obtained by admitting oil under pressure 
to the main pistons. Interlocks are located between each pair of 
shifter rods. Feed and traverse clutches are similarly engaged 
by oil pressure overcoming the action of balancing pistons. 








y Main pistons 500 /b. per sq. in. 
pump pressure 


Balancing 
UV pistons 
"id / 








Shift rod 
/ 


Interlock -—-—- 
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Random Notes on Reconversion 


Aircraft gasoline tank made of nylon 
has been developed by the Goodyear 
Tire and Rubber Company. Tanks weigh 
slightly more than 0.07 lb. per sq. ft. 
and an empty 100 gal. tank can be 
folded and compressed to the size of 
a woman’s handbag. 


* * 


Production of oil-fired automatic home 
heating boilers has been resumed, after 
a three and one-half year interruption, 
by the General Electric Company. Out- 
put in 1946 is expected to reach the 
highest in the history of the company. 


Capehart and Capehart-Panamuse radio 
phonographs combinations will have 
FM as well as AM receivers. Farns- 
worth Television and Radio Corporation 
plans to have these radio sets available 
early in 1946. 


* * * 


Electrically operated hydraulic mechan- 
ism raises and lowers windows as a 
standard feature of the 1946 Lincoln. 
Exterior improvements include wider 
bumpers, new bumper guards and a new 
grille. Interior improvements include a 
translucent plastic steering wheel, a 
choice of colors for instrument panels 
and a variety of color combinations for 
upholstery and trim. 


Manufacture of aluminum clothespins 
has been announced by the Del. F. Webb 
Products Company. Clothespins will be 
colored red, green, blue and silver using 
the Aluminum Company of America 
alumilite process. 


Electric galley developed for _ sub- 
marines, by the Edison General Elec- 
tric Appliance Company, have been 
adapted for presentation to the rail- 
roads for use in railway dining cars. 
First all-electric diner will be used by 
the Illinois Central Lines. 


* * * 


Production of electrically heated, elec- 
tronically-controlled blankets has been 
announced by the Simmons Company. 
Blanket is similar in appearance to an 
ordinary wool blanket and can be 
laundered in the same manner. 


194 


Pennsylvania Railroad has ordered 50 
new type locomotives that will each 
require 10,000 lb. of aluminum for cabs, 
walkways and boiler coverings. 


* * * 


Unbreakable plastic phonograph record 
that does not crack, break or warp 
will be manufactured by the Plas- 
matomic Record Company of New Jersey 
early in 1946. Records will be made in 
the standard 7, 10 and 12 in. sizes. 


* * * 


Steel pipe up to 18 in. diameter can be 
plated on the inside with nickel or 
other metals by the Bart Lectro-Clad 
Process developed by the Bart Manu- 
facturing Company. 


* * * 


New type hydraulic brake having in- 
creased breaking power and safety has 
been developed by the Chrysler Corpo- 
ration. New brake will be standard 
equipment on all 1946 Plymouth, Dodge, 
De Soto and Chrysler passenger cars. 


Aluminum applications in the automo- 
tive industry are centered at present 
on light alloy applications in trucks 
and trailers. Experiments are under- 
way using aluminum axle housings for 
heavy duty trucks and trailers and 
savings in weight up to 500 lb. per 
unit are reported. 


* * * 


Electrical fixture developed by the 
Lighting Division of the Westinghouse 
Electric Corporation combines a sun 
and heat lamp in the same unit. Named 
the Select-o-ray the unit weighs 12 Ib. 
and delivers ultra-violet rays from one 
end and infra-red rays from the other 
end of a streamlined lamp unit. 


* * * 


Defiance Machine Company will di- 
versify its activities and enter the drug, 
food and plastic fields. During the war 
the company produced boring machines 
and other machine tool equipment. 


The American Gas Association feels 
that there will be no _ revolutionary 
designs of gas ranges produced early 


in 1946. New models will include such 
features as automatic ignition, clock 
control and independent or waist-height 
smokeless broilers with high to low 
temperature burners. 


The Polyform process for the produc- 
tion of high octane gasoline is now be- 
ing used by the Gulf Oil Corporation 
to meet civilian motoring needs. Proc- 
ess combines gases previously used as 
refinery fuel with petroleum naphtha to 
produce high octane gasoline. 


* * * 


Rubber filtering material is back on 
the civilian production list of the 
United States Rubber Company. Used 
during the war to strain blood plasma 
the material is expected to be used 
widely in chemical, coal mining, food 
packing and other industries. 


* * * 


Electrostatic air cleaner shaped to lie 
flat overhead inside the head and door 
of a railway passenger coach operates 
on the Westinghouse Precipitron prin- 
ciple. Designed to permit smoking in 
every car it consumes only 75 watts. 


* * * 


Eight postwar cameras have been an- 
nounced by Ansco and will be available 
early in 1946. A new camera is the 
Ansco Reflex 35 that is a high precision 
2% by 2% twin reflex with ‘a num- 
ber of the most modern features. 


* * * 


Improved airplane gyroscope that will 
function accurately through the most 
violent aerobatics has been announced 
by the General Electric Company 
Design is smaller and lighter than 
gyroscopes now in use and does not 
have to be reset after banks and turns. 


* * * 


Aluminum is used in the construction 
of a new electric dishwasher an- 
nounced by the Fleetwings Division 
of Kaiser Cargo, Inc. Tub is 21 in. 
in diameter and 21 in. deep. Cen- 
tered in the bottom is a _ hydraulic 
lift to raise the basket to an easy 
loading position. Washing is done 
by jets of hot water, connected ‘to 
the house hot water supply, and ro- 
tate the basket as they wash. 
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Printing of railroad tickets, by machine, Textiles such as shirts, pillowcases, in- package so that brand or trade name 
is they are sold has been announced fant underwear, handkerchiefs and _ is placed in the correct position. 

by the Pennsylvania Railroad. In use at towels are wrapped on a card at the 

Philadephia’s Broad Street Station the rate of 40 per min. in a new machine * *« 6 

tickets are printed from blank stock developed by the Package Machinery 
and show the stations between which Company. Machine makes a single Railroads have 1,100 passenger cars on 
the ticket is issued, the rail fare and point twin underfold and will take order and 160 will be all-aluminum con- 
Government travel tax. Machine can packages from 4 to 12 in. long, 3 to struction and the others will average 


print 250 destinations and can be ex- 5% in. wide and % to 1% in. high. between 2,000 and 10,000 lb. of alu- 
minum per car. 


panded to 1,500 destinations. Electric eye is used to register the 





Gas Range Burner of New Type 


GAS RANGE BURNER, technically known as the 100 percent isms once thought necessary to gas burner equipment. 

primary air burner, draws in all air needed through an adjustable Conventional burner emits primary air-gas mixture having less 

shutter. Developed by the American Gas Association ‘Testing than the theoretical air requirement through the burner port. 
Surface assumes the approximate shape of a cone and initial com- 


Laboratories, the new burner produces short, bright flames that 
can be placed close to the object being heated. This new domestic bustion takes place. Additional air adjacent to inner surface results 
burner accomplishes all that industrial burners can do without in a secondary combustion reaction. New burner supplies inade- 
requiring electric-driven blowers or high gas pressures. When quate secondary air, thus secondary combustion reaction can not 
translated into appliances the burner will eliminate aeration bowls be completed and air-gas mixture burns using all of the primary air 
and do away with widely spaced burner parts and other mechan- from mixture and requires no secondary air. 
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pass from inner flames directly over the outer ports. Burner 
nearly contacts the utensil bottom with only sufficient clédar- 
ance to prevent interference with the short flame cones. 


Gas range burner of 100 percent primary air type makes 
ho provisions for secondary air since none is needed. Burner 
Parts are located close together and combustion products 
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Aircraft Contruction Principles Used 
In Aluminum and Magnesium House Trailer 


Designed for construction in subas- 
semblies is a new automobile house 
trailer, known as the Aero Flite Trailer, 
and manufactured by Aero Flite Com- 
pany. Trailer is of standard size and 
weighs approximately 2,100 lb. as com- 
pared to conventional construction of 
approximately 3,500 lb. Frame, string- 
ers and outer panels are of 24ST Alclad. 
Floor is magnesium alloy sheet. End 
windows, front and rear, are Lucite. 
Louvres at the front end of the trailer 
admit air through a filter constructed 
of glass fibers. Side windows are plate 
glass with a rigidized aluminum alloy 
panel behind which they slide. 


Six subassemblies make up the final 
assembly of the trailer. Side sections 
are of riveted construction with string- 
ers on 15 in. centers. All subassem- 
bles are built on jigs and fixtures. 
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Insulation is installed after assembly but before the hard- 
wood paneling is put in place. Floor is covered with linoleum. 





Sink, stove and storage drawers are 
made of aluminum. Trailer carries a 
small supply of fresh water and the 
stove uses tank gas, having connec- 
tions near the trailer hitch. Gas tank 
is carried in the storage compartment. 
Double beds are located at both front 
and rear of the trailer and folding 
doors give a two bedroom effect. 


Frame construction is similar to riv- 
eted construction used in aircraft. Tow- 
ing hitch and axle are the only steel 
Parts used in the trailer. 
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Locates Flaws and Defects with Sound Waves 


DESIGNED to inspect for flaws in materials with a high frequency 
sound wave is a new device known as the Hypersonic Analyzer. 
Developed by the Brush Development Company the device con- 
sists of a sound generator that sends a beam through the specimen 
to be inspected. The specimen, depending on its properties, modi- 
fies the beam and the resulting energy pattern is picked up on the 
side opposite the generator with a microphone. By selecting critical 


radiation frequencies and electro-acoustic designs the resultant 
beams through the specimen are modified by any given type of 
flaw. This method of inspection is applicable to materials having 
a constant cross section such as rolled and extruded materials. Flaws 
detected by this device are associated with two physical properties of 
the material; an apparent change in density and an apparent change 
in the modulus of elasticity. 





OE TN NP 


PLR LEE EA 


Crystal vibrator 





Cover 
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Housing ae 


electronic 
contro/ler 


Band ; 


Crystal vibrator is protected from liquids by 
a cover held in place with a steel band. 


Continuous inspection of steel strip identifies 
the location of flaw or defect by markings on 
the material. A relay hook-up device is used 
to make the desired markings. 


roller 























Hypersonic ~_ 


Flaw morker --- 


Woter-seal ~~~ 





Transmitter receiver and the test specimen 
are placed in a tank since water or oil are 
generally used as a _ transmitting medium. 
Liquids give a better coupling between the 
transmitter, material under inspection and the 
receiver. Air can be used in some instances. 








~Receiver 
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The Mind to Work Is the Root of Progress 


"So we built the wall; and all the wall was joined together 
. .. for the people had a mind to work.” Nehemiah |V:6 
THOUSANDS of years of civilization have not developed 
much change in the nature of the compulsions that 
motivate human activities. The predominating desire in 
the individual’s thinking will always determine his course 
of action. Some people are goaded primarily by the desire 
to accumulate wealth. At the other extreme, true spiritual 
leaders willingly sacrifice material possessions in their efforts 
to satisfy the compelling desire that drives them to serve 
mankind. Between these two extremes are the people 
whose main desire is to be assured of enough money to 
satisfy their daily wants and partake of as many comforts 
and luxuries as they can get. They have little or no interest 
in their tasks, many of them dislike their job and have no 
incentive to work other than the compulsion of earning a 
living. But always, wants, desires and fears, or the lack of 
them, will be the predominant forces that decide the 
courses of action of individuals and in their mass effects 
seal the fate of nations and civilizations. 

Only too often immoral or destructive wants are created 
artificially and foisted upon the masses by false propaganda. 
The desire of Germans to become masters of the world is a 
striking example of the chaos, suffering and destruction that 
can result from masses heeding the false philosophies 
preached by unscrupulous and misguided leaders. 

Fortunately there is nothing static about wants. Chang- 
ing environments and conditions continuously alter the 
order of relative intensity of the desires and that desire 
which is strongest always dictates the direction in which 
most effort will be expended. A man with no job and no 
money will concentrate on getting a job and money. One 
who is receiving a good income may concentrate on getting 
more or may put more time and thought on satisfying 
other desires. Some who are guaranteed enough money 
to live on or who have money saved, take advantage 
of the opportunity to quit working. If such a condition 
is widespread it is conducive to strikes, shut-downs and 


Propuct ENGINEERING — Marcu, 1946 


low production. It is the condition that we have today. 

Over the past 15 years there has been much talk and 
social legislation aimed at assuring “freedom from want,” 
a job at any time, good wages and an abundant life. In this 
whole program there has been practically no attention paid 
to the moral standards without which such aims cannot be 
achieved. Instead of teaching the virtues of work and the 
satisfaction to be derived from worthy accomplishments, 
the emphasis has been placed too often on fewer hours of 
work, less production and more pay. In government and 
industry alike, feather-bedding, loafing and production 
restrictions have become accepted as inevitable, and in 
some quarters are even considered worthy objectives. One 
who receives honest satisfaction from a good day’s work is 
too often considered old fashioned and therefore derided. 

Before there can be any progress away from the chaotic 
conditions of today the old philosophy that work and 
accomplishment are true measures of progress and stand- 
ards of worth must be accepted nationally. This can be 
accomplished only by preachings from the pulpit and by 
discussions by teachers, public leaders, public servants, 
politicians, industrialists, executives and by the common 
people at all kinds of social gatherings. Politicians and pres- 
sure groups that seek to get something for nothing or 
politically profit by preaching or legislating something for 
nothing, must be held up to scorn and ridicule. 

In the engineering departments much can be accom- 
plished toward building up a healthier national morale and 
morals. Jobs can be made more interesting by keeping the 
men posted on the commercial or operating success of the 
designs they developed. Human relations within the engi- 
neering department and with men in other departments 
can be made more congenial. Employees can be made to 
feel that their accomplishments are properly valued by 
giving them constructive praise for a job well done. And 
of course it should always be kept in mind that meritorious 
service is worthy of a monetary reward. 

The mind to work can build not only walls but also 
welfare for all. 
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Impact Stress in Elastic Bodies 
Calculated by the Energy Method 


MERHYLE F. SPOTTS 


Northwestern Technological Institute 


Procedure in applying the energy method to the solution of impact problems. Fundamental 
force, moment and energy equations are derived and used in equations for gravity 
acceleration and for calculating the stresses in bars and beams caused by the impact of 
moving weights. Torque equations are also derived for torsional impact in a rotating system. 


ALTHOUGH the energy method for solv- 
ing impact problems is at most times some- 
thing of a makeshift, it is not as difficult 
to apply, nor as lengthy, as solutions that 
are obtained by the mathematics of wave 
mechanics. More often than not, no so 
lution exists to help the designer with the 
problem at hand. 

Results of direct measurement of the 
stresses for a similar problem, if they are 
available, may or may not serve as a general 
guide for a new design. Much depends on 
how closely the variables for the two prob- 
lems may be related to each other. 

To measure dynamic strain set up in 
bodies as a result of impact, resistance wire 
strain gages have been successfully used in 
conjunction with a cathode ray oscillograph. 

Another procedure uses an impression, 
made by a hardened steel ball, as a measure 
of dynamic force. This method assumes 


that the material will deform identically 
under both dynamic and static loading. The 
value of the dynamic force is taken as the 
load required by a testing machine to make 
an equivalent impression when using the 
same ball and materials. In general, the 
nature of the contact between the parts is 
altered by placing a steel ball between 
them. To preserve the characteristics of the 
original contact for each of the striking 
bodies, it is usually necessary to make a fix- 
ture that contains two impression plates 
having specially shaped outer surfaces be- 
tween which the ball is placed. 

It is well known that large stresses can be 
produced by one moving body striking an- 
other with a blow or impact. In addition 
the yield point and ultimate strength for 
most materials is raised when the load is 
quickly applied and is of short duration, but 
because of the many uncertainties present 


designers rarely take advantage of these 
raised properties when deciding upon suit 
able values for the working stresses. 

For the elementary problems, simplying 
assumptions can be made and solutions ob 
tained by a consideration of the momentum 
and kinetic energy present in moving sys 
tems. While the stresses thus calculated are 
often less than the true values, yet the re 
sults may serve as a useful guide for many 
designs in which impact occurs. 


Kinetic ENercy ArFrrerR IMPACT OF 
WElIcuT on Bar. Let an elastic bar have 
one end fixed to a rigid support as shown in 
Fig. 1. Assume that the rigid weight W, 
which had been moving with velocity v, has 
just struck the end of the bar and because of 
this blow the velocity of the weight has 
been reduced to a value v,. Assume also that 
W remains in contact with the end of the 
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Fig. |—Free end of a horizontal bar being struck by a weight. Fig. 2—Dynamically equivalent system for horizontal bar 


and weight. Fig. 3—Force and deformation caused by falling weight. 
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bar after striking, then the end of the bar 
will also have the velocity v,. Again assume 
that upon striking, all the elements in the 
bar will instantly be given velocities that are 
proportional to their distances from the 
wall. Thus, if » is the velocity for the ele- 
ment at distance x from the wall, the follow- 
ing proportion will hold. 


i = 2a or = la 1 

-- £2 me 

The kinetic energy E, of the system after 

impact, where w, is the weight per lineal 
inch of the bar, is 


I 
2 
R= Hs. as / a w,dx 
29 , 2 


Substituting the value » from Equation 
(A) and integrating 


: We, W 
ee (: +397 (1) 

Thus by Equation (1) the kinetic energy 
after impact would be unaffected if the bar 
were replaced by a weight of magnitude 
W,/3 at the end of a weightless spring 
having the same elastic stiffness as the bar. 
Fig. 2 (A) shows such a system. 

Suppose that weight W is separated from 
weight W,/3, and is moving with its origi- 
nal velocity v as shown by Fig. 2 (B). The 
total momentum of the system before and 
after impact remains unchanged. Hence, 


Wo -(7 + ad, Tq, OF fg = (B) 


° 
14+ 4%./3W 


Substituting in Equation (1) 


a ™ (; + WW (2) 


Force Propucep sy Impact. In Fig. 3, 
the weight W falls through the height h, 
and W and the bolt head remain in contact 
after striking. The elongation 6 is the 
maximum value for the stretch of the bolt, 
and F is the impact force corresponding 
thereto. Assume that force F is not great 
enough to cause the elastic limit for the 
bolt to be exceeded. The stiffness of the 
bolt is such that k pounds are required for 
a stretch of one inch, 

\t the lowest point of travel the elastic 
energy gained by the bolt will be F 8/2 as 
shown by the force-deformation graph in 
Fig. 3. This energy comes from the kinetic 
energy of the weight as given by Equation 

2) together with the potential energy W8 
given up by the additional lowering of the 
weight. Hence 


Fs We 1 
t** (; x raw) +Ws (©) 


When substitutions for impact deflection, 
8 equals F’/k; statistical deflection 6,, equals 
W/k; and v* equals 2gh are made in Equa- 
tion (C), a quadratic equation results, which 
upon solution for F/W gives 
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Fig. 4—Spring supported weight. 
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Equation (3) can, of course, be written 
in terms of velocity v instead of h if desired. 

From Equation (3), it is seen that if the 
weight W is held just above the bolt head 
so that h equals 0, and then weight is sud- 
denly released F will equal 2W. 

If the system undergoing impact is hori- 
zontal instead of vertical as shown by Fig. 3, 
the term W6 in Equation (C) is not present, 
and the following equation results, 


F = ye ve / 
woe (; + WW (4) 


The’ value of k for a cylindrical bar is 
AE/I, where A is the cross-sectional area, 
and E is the modulus of elasticity. This is 
found by taking the equation for deforma- 
tion, 6 equals FI/AE, and letting 6 be equal 
to unity when the load F becomes equal 
to k. 

Suppose the system undergoing impact 
consists of a weight W, supported by a 
spring as shown by Fig. 4, and the mass of 
the spring is small enough to be neglected. 
The solution to this problem will be exactly 
like the foregoing except that W,/3 would 
be replaced by W,. Equations (3) and (4) 
can then be directly used for the system of 
Fig. 4 by making this substitution. 








NumericaL ExaMpte 1. In Fig. 3, let the 
diameter of the bar be 4 in. and its length 
12 in. If weight W is 10 Ib., find the maxi- 
mum stress in the bolt when W is dropped 
if height h is 4 in., material in the bolt 
weighs 0.283 Ib. per cu. in. and E equals 
30,000,000 Ib. per sq. in. 


Area of bolt, 4 = 2d?/4 = 0.1964 sq. in. 
ae Wi 
Statical deflection, 5.: = FE 
10 < 12 = 
0.1964 x 30,000,000 ~ 200002037 in. 


Weight of bolt, W, = 12 X 0.1964 & 0.283 
= 0.6668 Ib. 





Substituting these values in Equation (3) 


F =1491- 2X4 ( once) 
10 *0.00002037 \1+0.6668/3 X 10, 
F = 6,200 lb. 
Stress in bolt, 

6.200 


ae te 31,570 lb. per sq. in. 








This problem shows that high stresses are 
readily produced by impact loads. It may 
also be noted that the weight of the bar W, 
when small has little effect on the force 
caused by impact. 

If the yield point stress of the material 
is exceeded, a portion of the energy of the 
falling weight is used in giving a perma- 
nent stretch to the bar. 


Errect oF INcrEASED FLexisiuity. If the 
lower end of the bolt of the foregoing 
problem terminated in a nut, the entire force 
of 6,200 Ib. would pass through the threaded 
section, and the stress would be considerably 
increased. Thus for a 4 in. 13 NC bolt that 
has an area 0.1257 sq. in. at root of thread, 
the stress would be 49,310 Ib. per sq. in. 
Furthermore, there will be stress concen- 
tration effects at the root of the threads. 

It is often possible to reduce the stress 
resulting from impact by decreasing the 
stiffness of the stressed member. Thus, sup- 
pose it would be permissible to reduce the 
diameter of this bolt for the entire 12 in. 
length above the nut to 0.4 in., the diameter 
at the root of the thread. A further substi- 
tution in Equation (3) will show that force 
F will be reduced to 4,990 Ib. The stress 
will become 39,700 Ib. per sq. in. as com- 
pared to 49,310 Ib. per sq. in. when the full 
4 in. body was used. 

Thus decreasing the cross-section of the 
main body of the bolt, which must absorb 
the energy of the impact, to that of the 
minimum size through which the force must 
pass, has brought about a substantial re- 
duction in the magnitude of the force. A 
further reduction in size however would 
cause the stress in the bolt to increase. 


Comparison With Exacr Resutts. By 
introducing a term s, that can be used as a 
coefficient and defining it as 


So ma a's (5) 
7% 


the more exact method of wave mechanics, 
when applied to the problem of horizontal 
impact illustrated in Fig. 1, yields results 
that can be closely represented by 


my 


5 CLS 
— = wW.tat! (6) 


Se 


By substituting AE/I for k, and for W’, its 
value Aly, where + is the weight per cubic 
inch for material composing the bar, Equa- 
tion (5) can also be expressed as 


=o Yt 
g 


By substituting sA for F and s, for the 
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Fig. 5—Comparison of stresses caused by impact as given by exact and approxi- 
mate solutions. Fig. 6—Experimental set up for determining inertia loading. 


combination of terms as defined by Equa- 
tion (5), Equation (4) becomes 





Ss 
_ HA wan) 


To compare the stresses as calculated by 
the approximate method and by the more 
exact method of wave mechanics, the curves 
in Fig. 5 are presented for different values of 
W/W,. The upper curve in Fig. 5 is a 
plot of Equation (6), the lower curve is a 
plot of Equation (7). Examination of these 
curves indicates that large discrepancies will 
be present when using the energy method if 
the ratio W/W, of striking weight to 
weight of bar is not large. 


(7) 


ACCELERATION CauseD BY Impact. It is 
sometimes necessary to determine the maxi- 
mum shock or inertia loading that instru- 
ments or other delicate equipment can carry 
without being damaged. If the gravity load 
W be deducted from force F in Equation 
(3), the remainder is the inertia force 
caused by the rapid deceleration of the 
weight. This latter may be set equal to 
Wa/g where a is the acceleration of W 
when the spring or bar is at its point of 
maximum deformation. Hence 


Acca) ° 
i +o (Ww Hs BW 


It is customary to speak of the maximum 





acceleration as so many units of the gravity 
constant g as given by Equation (8). Thu 
every element of the accelerated equipment 
will be subjected not only to its own dead 
weight but to an additional force equal t 
its mass times the value of the radical of 
Equation (8). The distribution of this 
inertia load is exactly similar to the distri 
bution of the mass in the different portions 
of the accelerated body. 

The amount of such loading that a piece 
of equipment can sustain without damage is 
usually determined by experiment. A fram« 
work can be constructed with vertical guides 
and a light carriage for holding the part to 
be tested. The descent is stopped by a 
spring of known stiffness. A vertical scale 
can be attached to the framework, and the 
carriage dropped from different heights and 
the results noted. 

For large and heavy equipment the ar- 
rangement shown in Fig. 6 can be used. 
The weight is quickly released by cutting 
the suspending wire and the fall is then 
checked by the spring. 


NuMErRIcCAL ExaMPLe 2. Determine the 
value of the maximum acceleration for a sys 
tem similar to Fig. 6 for 


h = 6.25 in., W = 25 Ib. 


W, = 0.3 |b., & = 200 Ib. per in. 
SOLUTION. 
_F 3 “~~ 
Set —_ ry = 200 = 0.125 in. 
Using Equation (8) 








=e + tn ) 
0.125 (rox 


Og 


Impact OF FINITE Boptegs. It is sometimes 
necessary to find the force exerted on a 
spring between two rigid bodies of finite size 
at the instant when the compression between 
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Fig. 7—Impact of bodies connected by spring. 


W,/We of the weights. 
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Fig. 8—Effect on impact force ratio F/F, for 


Propuct ENGINEERING — MArcH, 





variations in the ratio 


1°46 





the 


(7 


equ 


spr 
bot 
vel 
valt 


Sub 
fror 
give 


Wh 


Equ 


ratic 
Fig. 
rem 
ratic 
crea 
a va 

C 
0, \ 
imn 
equ 
com 
and 
bar 


Imp 
Sup 
cylis 
the 

elas 
elasi 
that 
the 


tion 


Ser) 


for 


Pri 














them is the greatest. Thus in Fig. 7 (A) let 
\W, moving with velocity v, strike the spring 
of body W, moving with velocity v,. By 
equating the momentum of the system be- 
fore impact to the momentum when the 
spring has its maximum compression and 
both bodies are moving with the common 
velocity v,, as shown in Fig. 7(B), the 
value of v, is 


ee Wir + Wr 


sy = Wi + We (D) 


Let F be the force and 6 the compression 
of the spring in Fig. 7(B). The strain 
energy of the spring is then F 6/2. The 
strain energy plus the kinetic energy of both 
bodies moving at velocity v, is equal to the 
kinetic energy of the system before impact. 
Hence 


“- 


Fé ( Wr+Wn , Wye, | Wr 
 s ——_—__—_ e= oe ae 


2¢ Io Io 
2g 2g <g 


Substituting F/k for 5, and the value of v, 
from Equation (D) and rearranging terms 
gives 


| kW, 





F= @- ©) Vrs (9) 
Where 
lew, 
Fo = (1 —2: 10 
(M71 2) s ‘ (10) 
Equation (10) can also be written 
F _ 
R-Nipwmm 


The effect on F/F, for variations in the 
ratio of the weights W,/W, is shown in 
Fig. 8. It may be noted, other conditions 
remaining unchanged, that the impact force 
ratio F/F, is but slightly affected by an in- 
crease of W/W, after the latter has reached 
a value of five or six. 

On the other hand, for W,/W, equal to 
0, which corresponds to W, becoming an 
immovable wall, the impact force becomes 
equal to F,. In other words, Fig. 7 has be- 
come equivalent to Fig. 1. Equations (10) 
and (4) are identical if the weight of the 
bar or spring be neglected. 


IMpact Between Cyinpricat Bars. 
Suppose the bodies in Fig. 7 consisted of 
cylindrical bars as shown in Fig. 9 and 
there were no separate spring, but that the 
elasticity of the system would consist of the 
elasticity of the bars themselves. Assume 
that the bars are of equal length and are of 
the same material, and that the cross-sec- 
tional areas are A, and A, respectively. Then 
AE 


AE 
ky = a and ky = == (12) 


a 


on impact the bars will be acting in 
seri; and the value of the spring constant k 
for the combination will be 


LLL, L_AtA gy 
oy ade aes > (19 
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Substituting in Equation (9) the values 


os A, ALE 
(Ai + dal 


v= %1— % 


W, = Aly 
We = Arly 


yields F = 2 4142 = (14) 
A + Ag g 


If areas A, and A, are unequal, force F 
from Equation (14) will give correct values 
for the stresses only at cross-sections some- 
what removed from the plane at contact be- 
tween the bars. Equation (14) is in agree- 
ment with exact results as derived by wave 
mechanics. Hence, the equation is correct 
for bars of unequal length since a solution by 
the more exact theory indicates that the 
value of the stress is unaffected by the 
lengths of the bars. 


k 


NuMericaL ExaMpLe 3. Find the stress 
caused by impact when one of the ]¥g in. 
dia. bars in Fig. 9 is pulled to one side suf- 
ficiently far to strike the other with a velocity 
of 34.75 in. per sec. when released. Bars 
are of steel, 
y+ = 0.283 Ib. per cu .in. 
E = 30,000,000 Ib. per sq. in. 
Substituting in Equation (14) and solving 
for F/A gives for the stress s 
34.75 4} 30,000,000 X 0.283 
ican ian 


- 








34.75 





X 148.3 = 2,577 lb. per sq. in. 


Should one of the bars become infinitely 
large, which corresponds to a rigid wall, the 
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Fig. 9?—Elastic bars suspended by 
weightless wires. 
































Fig. |0—Impact caused by weight fall- 
ing on a beam. 


Fig. |1—Equivalent system for weight 
and beam. 


stress in the striking bar, from Equation 
(14), becomes 


s5= a (15) 


his value of the stress is twice as great as 
that for two equal bars. 


Impact OF WEIGHT ON Beam. The energy 
method can also be used for finding the 
force caused by a weight falling on a beam. 
Thus in Fig..10 let the velocity of the 
weight immediately after striking be v,, and 
assume that weight and beam remain in 
contact after impact. Let w, be the uniform 
weight per unit length of the beam, and let 
the velocity of element w,dx, located at 
distance x from the left end, be yu in. per sec. 

Assume that the shape of the beam under 
impact is geometrically similar to the shape 
taken for a central static load. The velocities 
of the different elements of the beam will 
then be proportional to the deflections. 
Hence, if y is the deflection at distance x 
from the left end and y, is the deflection at 
the center, the following proportion holds. 


The last form of Equation (E) is ob- 
tained by substitution of the deflection 
equations for y and y, as found by the theory 
of beams. 

Just after striking, the total energy of the 
system consists of the kinetic energy of 
weight W and of the different elements of 
the beam. Hence 


W 1/2 ae 
itil tata af Sr ude (FP) 
g , 28 


Substituting the value « from Equation E, 
carrying out the integration, substituting for 
w,] the weight of the beam W,, and collect- 
ing terms gives 

E, = = (1 + “7 (16) 

The value of the kinetic energy after im- 
pact can thus be obtained by imagining that 
the actual beam or spring is weightless, and 
that a weight equal to 17W,/35 is at- 
tached to W and moves with it as shown in 
Fig. 11. Let W fall through height h and 
strike weight 17W,/35 with velocity v, and 
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Fig. |12—Torsional impact in a rotating 
system consisting of a shaft and disks. 


assume that the two weights remain in con- 
tact after impact and that their common 
velocity is v,. The momentum of the sys 
tem before and after impact is unchanged. 


Hence. 
We (v } hs *) le 
Be pe 


0 


"= T+ 17W/350 (G) 


Or 








Substitution of this value for v, in Equa 
tion (16) gives 


We (1 ) . 
2g ( -imM—asw) 8 

Equating the energy lost by the falling 
weight to the strain energy gained by the 


spring at the time of its maximum compres- 
sion 


Fé We? 1 . ; 

= (; Sama) 
As before, substituting 5 for F/k and 6,, for 
W/k and solving the resulting equation for 


the ratio of maximum force on beam F to 
the falling weight W gives 


F |, 2h I 

7 +! 7 ral +17, sm) (18) 

Known as the Cox equation, Equation 
(18) has been in use for almost a century. 
As indicated by its derivation the equation 
assumes that the shape of the beam under 
impact is at all times similar to the shape 
for static This assumption of 
“static equivalence” has been found to be 
in good agreement with test results so far as 
the deflection is concerned. The actual bend 
ing stresses are perhaps 20 to 25 percent 
higher than Equation (18) would indicate. 
The results are more accurate for relatively 
heavy weights and light beams. 

On the other hand, the force that may 
momentarily act between weight and beam 
may be from three to eight or ten times as 
great as the Cox equation would indicate. 
Here again the agreement is best for a rela- 
tively heavy weight and a light beam. 


Ey = 


loading. 


Torstonat Impact. Rotating systems can 
also be subjected to impact effects. Thus 
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suppose that the rotor on the left in Fig. 12 
is suddenly connected by means of a jaw 
clutch or ratchet to the shaft attached to the 
right hand rotor, that the mass moments of 
inertia are I, and I,, and the angular veloci- 
ties are w, and w, respectively. After becom 
ing connected, let the common velocity be 
w,. Equating the momentum before impact 
to the momentum after gives 


Tha, + T2002 = ee + I2)wWa 
or 


" Tor + True 
hit de 


Wa 


Before impact the total energy of the sys- 
tem consists of the sum of the kinetic 
energies of the two rotors. After impact the 
cnergy consists of the kinetic energy of the 
two rotors moving at the common velocity 
w,, and the strain energy of the twisted shaft. 
I'he latter quantity may be taken as T0/2, 
where T is the torque and @ in radians is 
the angular deformation. Angle @ is also 
equal to T/k,, where k, is the torsional 
spring constant, or the number of inch 
pounds of torque required for a unit de 
formation of one radian. The equation ot 
energy is 
= <5 Ad (i + 12) ws = s Iho", + oe 


Substituting for @ and w, and solving the 
expression for T gives 


| kell (19) 


+1, 


NuMeErIcAL ExaMPLe 4. In Fig. 12 let I, 
and I, have magnitudes of 6 and 8 Ib. in. 
sec.” and N, and N, be 250 and 100 r.p.m., 
respectively. The distance between the 
disks is 36 in. and the shaft diameter is 
2 in. Find the value of the maximum shear 
stress in the shaft caused by suddenly con- 
necting the left disk to the shaft. G equals 
12,000,000 Ib. per sq. in., modulus of elas 
ticity in shear. 


T = (a, — w) 





SoLuTion. Polar moment of inertia of shaft 


ad4 3 ‘ 
= - = : 4 
J 32 1.5708 in. 
The equation for k, is found by taking 
the expression for angular deformation of a 
round shaft, 





6é= TI1/JG 
and letting T be called k, if #9 becomes 
equal to one radian. Hence 


_ JG _ 1.3708 X 12,000,000 


ke = 523,600 
l 36 
in. lb. per radian 
150 
«1 — wr = Go X 24 = 5x radians per sec. 


Putting these values in Equation (19) 





7 = sq 4 523:00 X 6X8 _ 91 so in. 

7 ix 648 1,050 in. lb. 
i 108 

So = 7 = ee See 13,400 lb. per sq. in. 


Unfortunately the majority of impact 
problems on which designers need _ stress 
equations are much more complicated than 
the simple problems that have been con- 
sidered in this general discussion of impact 
of elastic bodies 
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Heat-Resistant Alloys 


FUNDAMENTAL KNOWLEDGE Of the nature of 
the heat-resistant alloys that have made pos- 
sible the gas turbine and jet and rocket- 
propelled planes is being sought in a pro- 
gram of research begun at Battelle Memorial 
Institute, Columbus, Ohio under the spon- 
sorship of the Navy’s Office of Research and 
Inventions. 

In a comprehensive study, which will 
utilize the same coordinated setup of men 
and research equipment that was successful 
in developing heat-resistant alloys during the 
war, Battelle technologists will attempt to 
put knowledge of high-temperature materials 
on a scientific basis, in the hope that 
the establishing of the fundamentals of such 
systems will lead to the ability to predict 


Phase diagrams 
of the heat-resistant alloys will be studied; 
the effect of crystalline structure, grain size, 
precipitated phases, and heat-treatment on 
heat-resistant properties will be investigated; 
the effect of chemical compositions will be 
analyzed; and other factors such as melting 
practice, mold temperatures, and pouring 
temperatures that may contribute to the 
properties of such alloys will be studied. 
Analogous studies will be conducted on 
high-temperature ceramic materials and 
metal-ceramic combinations, and the collec- 
tion of engineering and welding data per 
tinent to the application of high-temperature 
materials to gas turbine and jet propulsion 
service will be included. 


evel superior compositions. 
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Allowable Working Stresses for Steels 


C. LIPSON 


Head, Stress Analysis Laboratory 


G. NOLL 


Laboratory Engineer, Engineering Division, Chrysler Corporation 


Maximum allowable working stresses for different service conditions 
and four classifications of surface finish are given by charts for steels 
ranging from 160 to 555 BHN. To facilitate the proper use of the 
charts, the concepts of strength in the light of new knowledge of 
properties of materials and of stresses are clarified, Factor of Safety 


THE MAXIMUM STRESS which steel in its fab- 


ticated form can sustain can be determined 
from the eighteen diagrams presented here, 
which cover the entire range of steels com- 
mercially used in mechanical engineering. 
Since the hardness of a steel is quantitatively 
related to its strength, ranges of hardness 
were used as the basis for the classification 
of these diagrams. Thus, the first diagram 
applies to steels between 160 and 187 BHN 
and the last chart to 514 to 555 BHN. 
In each chart the allowable stress curve 
is given for four different types of surface 
finish of the fabricated part as follows: 

1. Ground surface designation refers to a 
surface finish having microinch RMS values 
up to approximately 100, as obtained by 
operations such as honing, lapping, polish 
ing, buffing, superfinishing and grinding. 
The difference between the endurance limits 
of any two of these surface finishes is not 
more than 10 percent and since this is the 
order of accuracy in the relationship be- 
tween tensile strength, yield point and hard 
ness, finer differentiation in classifying sur 
face finishes would not be justified. 


has been rationalized and a new concept of Design Factor evolved. 


2. Machined surface refers to surfaces ob- 
tained from operations such as drilling, 
boring, turning, milling, and shaping. 

3. Hot rolled surface has slight surface 
irregularities, some included oxide and scale 
defects, with partial surface decarburization. 

4. As-forged surface has larger irregulari- 
ties, included oxide scale defects, with total 
surface decarburization. 

In formulating the charts adjustments 
have been made for size effect and the 
data are specifically applicable to parts 4 in. 
to 3 in. thick at the critical section. For 
sizes under 4 in. the data are on the con- 
servative side; for parts over 3 in. the size 
correction factor should be ascertained and 
the data corrected accordingly. 

Values given in the charts are limited to 
the elastic range of the material and have 
been derived for the so-called ‘unlimited 
life.” For a limited life these values will be 
found somewhat conservative. 


Directions for Using Charts 


1. Compute the maximum working stress. 
Maximum working stress is the maximum 





stress induced in the part by the design 
loads. These can be computed by multiply 
ing basic loads by specified Load Factors 
to allow for anticipated overloads. For some 
parts the Load Factors have been estab- 
lished; for others they can be estimated or 
determined experimentally. 


Compute the maximum working stress 
from the formula: 


—-.. we a 2 1 7 
Smax. _ VS? — SS, gs S,? — 3} sy 
Where 
Daves Maximum working stress desired 


S, and S, = Normal tensile stresses result- 
ing from tensile, compressive or bending 
loads. They can be computed from the con 
ventional stress formulas P/A or Mc/I. 


V,, = Shear stress resulting from torsional 
or shear loading and computed from the 
conventional stress formulas Tc/] or P/A. 


If S,, S, and V,, are fluctuating stresses 
they must be multiplied by suitable fatigue 
stress concentration factors K,. These fac- 
tors are given by Roark (“Formulas for 
Stress and Strain,” Second Edition, McGraw- 
Hill Book Company, Inc., 1943.); Peterson 
and Wahl (“Two and Three Dimensional 
Cases of Stress Concentration, and Com- 
parison with Fatigue Tests,” A.S.M.E. 
Transactions, Vol. 58, A-15, 1936.) and 
others. 


2. Compute the mean working stress. 


Mean working stress is the average stress 




















50 














40 

















\ \ } | | 








30 




















20 


























Maximum Working Stress—1,000 lb. per sq.in. 
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Mean Working Stress- 1,000 lb. per sq.in 








induced in the part by the design loads. 
When the design loads are fluctuating the 
mean working stress is the average between 
the maximum working stress as defined in 
Step 1 and the corresponding minimum 
working stress. When the loads are steady 
the mean and the maximum working stresses 
are the same. 
Use the formula: 





Snas ™ V5,? — S25y + Sy + 30sy? 


Where 


Sinean == Mean working stress required 


S,, S, and y,, are defined as in Step 1 
for computing maximum working stress, ex- 
cept that they refer to mean and not to 
maximum stresses and they should not be 
multiplied by K,, the stress concentration 
factor. 

3. The above equations have been estab- 
lished for the general case of combined (two- 
dimensional) stresses as, for example, a 
shaft with a shrunk-on member and trans- 


207-2 
FIG.3 
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ALLOWABLE WORKING STRESSES 


For parts whose minimum Brinell Hardness 
specification lies in the range of 








mitting a fluctuating torsional load, wherein 
all three stresses S,, S, and V,, are signifi- 
cant. For simpler load applications some of 
these terms become zero and the equations 
assume a more conventional form. 

4. Select the appropriate allowable stress 
diagram on the basis of material hardness 
of the part under consideration. That is, 
the minimum Brinell hardness specified 
should lie within the hardness range cov- 
ered by the diagram. 

5. Plot in the diagram the maximum 
working stress for the corresponding mean 
working stress. Compare it with the allow- 
able stress as defined on the diagram by the 
line applicable to the surface condition for 
the part under consideration. 

6. Determine the Design Factor D, first 
from the formula 


Smax. — Smean 
ee 


where S, =the allowable stress as deter- 
mined in Step 5 from the diagram. 
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Then determine the Design Factor D, 

from the formula 

Smax. 
where S, = the yield point of the material 
which is indicated on the diagram. 

7. If D, is larger than D, the strength 
of the part will be governed by fatigue con- 
siderations. If D, is the larger, static yielding 
will be the controlling factor. Whichever 
is the larger should be used. 

8. As to the specific values for this factor 
D, they obviously cannot exceed one (1) for 
a design structurally satisfactory. When the 
stresses are accurately known and the mate- 
tial and fabrication processes carefully con- 
trolled the values may approach 1 although 
a more conservative value of 0.8 is to be 
preferred. For other conditions a value of 
0.5 is preferred. Always, for each specific 
problem the limiting value of the De- 
sign Factor must be arrived at on the basis 
of experience and individual considerations. 
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Plain and Laminated Felt Seals 
Their Design and Application 


WM. H. LEHMBERG 
American Felt Company 


Design properties of felt seals when used for retention of grease and oil and exclusion of 


dust, fume or moisture are presented in tabular form. Selection of the correct grade in 


either plain or laminated felt seals is discussed as well as recommended designs for housings 


USE of felt as a non-structural en- 
ng material and, in particular, the 
adaptability of felt to mechanical 
ind packing applications, suggests 
le interest on the part of product 
seals to 


rs in the relation of felt 


ns of 
1) grease or oil retention and (2 


mechanical design which in 


lusion of dust, fume, or moisture. 
nost among the physical properties 


ending felt for mechanical seal ap 
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plication are liquid absorption capacity, low 
coefficient of friction, and resiliency. Be- 


cause of its resilient character, felt 


+ 


tains a constant sealing pressure 


main- 
regardless 
of wear, end-play, minor misalignment, o1 
coefhicient of 
friction, which averages 0.22 for dry felt 
0.15 when 
presaturated with oil of 41.2 Saybolt vis 


absorption, the 


out-of-round conditions. ‘The 


igainst steel, is reduced to 


cositv. In oil storage 


capacitv of felt, is largely a function of 


density. Table I, compiled from recent 
test data, gives the absorption values of 
S. A. E. felts for a range of commercial 


grade lubricating oils. 
7] 

Felt washers as applied to oil or greas 
retention and to dust exclusions are of two 
general types, plain felt seals, and lamin 


ited felt seals. Plain felt seals are precision 


ut washers fabricated from specified stand 
iid grades of S. A. E. felt. Pre-saturated 


with lubricants of slightly higher viscosity 


209 











than those used in the bearing, plain felt 
seals afford positive bearing protection 
and act as a reservoir for excess lubricant 
thus, making the lubricant available as 
needed. If run dry, these seals tend to 
polish rather than score a shaft and never 
completely fail through aging, embrittle- 
ment or disintegration. Under normal bear- 
ing temperatures and operating conditions, 
the plain felt seal is economical and usually 
requires replacement only when the machine 
in which it is installed is completely dis- 
assembled during a major overhaul. 


felt seals are not recommended 
and should not be specified in conjunction 
with oils of extremely low viscosity nor 
to retain pressurized lubricants. For this 
field of service, the laminated felt seal and, 
on occasion, the impregnated felt seal is 
to be considered. 


Plain 


Impregnated Felt Seals 


Impregnated felt seals may be either plain 
or laminated in construction as determined 
by conditions of use and the severity of 





Table I—Oil Absorption Capacity of S.A.E. Felts at 76 deg. F. 


Percent weight increase at saturation point as determined by 


volume displacement method. 


Saybolt viscosities at 210 deg. F. 





























Percent Absorption of Gg Vacuoline Oil No. 
Felt density, ae we 
percent specific Almo 475 
a gravity E D c Med. Hvy. Med. Eng. Car 
No. 35.0 Say. 39.6 Say. 41.2 Say. 46.1 Say. 50.7 Say. 61.3 Say. 77.0 Say. 
F-] 35.80 165 157 170 161 173 179 155 
F-3 31.00 203 183 207 212 200 201 205 
F-5 25.90 238 225 244 240 241 244 252 
F-7 26.70 232 206 221 252 241 233 227 
F-10 18.70 427 450 464 456 476 470 476 
K-11 19.45 387 382 352 341 367 461 354 
F-13 17.40 356 359 378 378 394 384 392 
F-15 18.45 | 334 331 334 349 353 348 363 
Table Il—Dimensional Tolerances and Degree of Housing Compression 
For Plain and Laminated Felt Seals 
S.A.E. Shaft I.D. of O.D.of Washer Housing | 
Felt diameter washer washer thickness angle Application 
Grades in. in. in. in. deg. 
F-1] 0.5 0.495 1.00 0.187 4 | Difficult oil or grease retaining 
F-2 1.0 0.995 1.50 0.250 4 | conditions and shaft speeds 
F-3 £5 1.495 7 Hp 40° 0.375 4 exceeding 1,000 ft. per min. 
2.0 1.995 Z.19 0.500 4 
a5 2.495 3325 0.500 4 
3.0 2.995 4.00 0.500 + 
pee 3.495 4.50 0.750 + 
4.0 3.995 5.00 0.750 4 
F-5 0.5 0.485 1.00 0.250 5 | Oil or grease retaining washers 
F-6 1.0 0.985 1.50 0.375 5 for shaft speeds between 750 
F-7 £5 1.485 fae AS 0.500 5 and 1,000 ft. per min. Also, 
2.0 1.985 a 0.500 5 difficult dust excluding condi- 
25 2.485 3.25 0.500 5 tions where shaft speeds ex- 
3.0 2.985 4.00 0.750 5 ceed 1,000 ft. per min. 
3 3.485 4.50 0.750 5 
4.0 3.985 5.00 1.000 5 
F-10 0.5 0.469 1.00 0.375 7 Oil or grease retaining washers 
F-11 1.0 0.969 1.50 0.500 7 for shaft speeds less than 750 
F-13 1.5 1.469 2.25 0.500 is | ft. per min. Also, dust exclud- 
F-15 2.0 1.969 1 Dy 0.500 fj ing washers for shaft speeds 
2.5 2.469 3.25 0.750 7 less than 1,000 ft. per min. 
30 ©=—.2.969_—-«4.00 0.750 7 | 
535 3.469 4.50 1.000 7 
0 3.969 5.00 1.000 7 
Rem a ae 0.050 ee Precision ball bearing seals 
0.055 
0.060 
0.065 
0.070 
ee 0.075 eee 
0.080 ido 9 
AP 0.085 ee | 
210 


the application. Impregnations are of several 
standard types, or may be specified to meet 
specific end use requirements. For low 
frictional characteristics, micronized graphite 
treatments are available. To prevent the 
leakage of pressurized lubricants or the in 
gress of water and mud, impregnations wit) 
compounds of paraffin petrolatum, and mi 
cronized graphite are sometimes used. This 
latter type of treatment, although princi- 
pally adapted to marine stuffing box pack 
ing and plunger valve sealing, is deserving 
of attention in many critical bearing seal 
applications as is the use of the laminated 
seal. It is to be emphasized, however, that 
the presaturation, just prior to installation, 
of both plain and laminated seals with 
oil or grease of slightly higher viscosity 
than that used as a lubricant is the stand- 
ard recommended practice. ‘This practice 
should be followed in most instances when 


felt seals are presaturated 


Laminated Felt Seals 


The laminated felt seal combines in a 
single washer the conventional plain felt 
seal plus an impervious septum of 1/64 
to 1/32 inch sheet Hvcar, Neoprene, or 
other oil resistant elastomer. Fig. 1 shows 
four conventional design modifications. In 
each case, the impervious layer of oil 


sistant material functions as a positive dam 
against the leakage of low viscosity lubri- 


cants. 

Type A of Fig. 1, in which the imper- 
vious septum is laminated between two 
sections of felt, offers, in one unit, a com- 
bined oil or grease retaining, sealing, and 
dust excluding washer. Jn this construction, 
a highly cohesive and dense felt is adhered 
to the inner oil retaining side of the 
septum and a lower density dust-excluding 
quality to the outer. The multiple lamin- 
ations of types B to E are further modifi- 
cations of the original single lamination, 
and have been developed for progressivel 
more difficult mechanical sealing applica 
tions. 


Felt seals are recommended for the re- 
tention of lubricant in ball and anti-friction 
bearings, and for the external protection 


of bearings from dust, moisture, and fuime 
where operating temperatures are within 
minus 60 to plus 250 deg. F. and wher 
linear shaft speeds do not exceed 
ft. per min. Within these limitations 
plain and laminated felt seals are designated 
according to S.A.E. standard quality 
fications. 

Recommended S.A.E. felt grades, dimen 
sional tolerances, and degree of housing com 
pression for felt seals in relation to different 
shaft diameters and speeds are summ 
by Table II. In general, S.A.E. | ind 
F-2 felts, characterized by high tl 
low permeabilitv, and maximum \ sive 
strength, are specified for difficult I 
grease retaining conditions. §.A.E. F° -, 
and F-3 felts are also recommended whe! 
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PLAIN FELT SEALS 
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(B) (Cc) (D) 
LAMINATED FELT SEALS 





Fig. |—Typical types of plain and laminated felt seals. 
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(A) 
PLAIN FELT GREASE OR OIL SEAL 
Typical housing wherein a plain felt seal is held 


shatt dia. 
See Table I 








(B) 
LAMINATED FELT OlL AND DUST SEAL 
Housing with slight axial compression 


in a tapered annular space exerting axial 


compression at the 0.D 
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(C) 
SINGLE TAPER 
PRESSURE PLATE WITH 
LAMINATED FELT SEAL 
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(D) 
DOUBLE TAPER 


DOUBLE WASHER 
NO PRESSURE PLATE 


APPLICATION 








(F) 
SELF-CONTAINED UNIT 
LAMINATED FELT SEAL 





Fig. 2—Design of housings for retaining both plain and laminated felt seals when 
used for the retention of oil and grease and the exclusion of dust, fume and moisture. 


} 


shatt speeds exceed 1.000 ft. per min, 
Under less critical conditions, S.A.E. F-5 o1 
F6 felts are most. satisfactory: and for 


speeds below 750 ft. per min., S.A.E. F-10 
or I-11 felts. Dust exclusion seals, de- 
signed for journal speeds of more than 
1,000 ft. per min., are principally fabricated 
tom S.A.E. F-7 felt; and for lower speeds, 
S.A. F-11, F-13, or F-15 felts. Ball bear 
ing scals require the equivalent to S.A.E. 
1 precision grade of felt. 


5t 


Both plain and laminated felt seals are 
designed in square cross section with the 
mside diameter of the washer equal to 
'.NU5 in. to 0.030 in. less than the outside 
Propucr ENGINEERING — Marcu, 1946 


diameter of the shaft according to the type 
and density of felt specified. ‘Thickness 
also depends on the felt specified and in 
creases with shaft diameter. Detailed in Fig. 
2 are the important dimensional specifica 
tions and accepted felt seal housing methods. 


Housing Design 


Turned or cored housings are preferably 
designed with tapering sides in the form of 
an isosceles trapezoid with the sides in 
clined from 4 to 7 deg. This taper serves 
the washer radially inward 
effecting a constant pressure on the shaft. 


to compress 


Where the 
it right 


design requires that one wall be 
angles to the shaft 
glands or packing plates, as g, 
2(C), the inner wall of the housing should 
be inclined. 

Aside from technical considerations, 
benefits of controlling S.A.1] spe 
fications, and the natural adaptability of felt 
to lubricant retention and thx 
foreign matter, considerations of 
and uniform sources of supply 


uch as exterior 


shown in Fig 


the 


materia 


exclusion of 

ibundant 
iS well as 
low initial and replacement costs are among 
the contributary advantages recommending 
the consideration and utilization of felt seals 
by Product Engineers. 
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on of Temperature 


And Electrical Measurements 


EU 


GENE GODDESS 


Engineer, North American Philips Company, Inc. 


Methods of maintaining the basic 


units of temperature measurement as defined for 


the International Temperature Scale and also the fundamental electrical measure- 


ment standards. Characteristics 


optical pyrometers are discussed 


BY UNIVERSAL 


has 


diameter of 


AGREEMENT, | the 


scientific world wccepted the unit of 


volume 


temperature measurement as the degre¢ per unit length of tube may change, 
centigrade. This unit can be defined as 1/100 hence an uncertainty of the temperature Weights and Measures. Prior to | 
of the change in the volume of a column of readings exists when obtained with this — was the standard to which accurate m 
mercury measured at the boiling point of — type of instrument. This difficulty becomes ment of temperature was referred. 
water anc at the melting point of ice. ‘These negligible if a gas is used in place of mer Gas thermometers are difficult, 
two points were selected because they can be curv. The temperature measurements madc¢ venient and cumbersome to use, th 
easily reproduced using a gas (drv hydrogen) thermometer be it the 1927 meeting the Seventh 
From a point of view of accuracy, the tween the boiling poimt of water and the Conference of Weights and \ 
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stant throughout its length, therefore, the © scale.” 


of resistance thermometers, thermocouples and 


with a description of calibrating procedures. 


a glass tube may not be con melting point of ice is 


a ~ 
his “‘gas scale 


1887 bv the International 


\ 


called the 
was adopt 
Committ 


Triple pole 
Aouble throw 
comrutator 


Leeds & Nosthry 
Fig. |—Platinum resistance thermometer, Mueller Bridge, and galvanometer for measuring temperature precisely. 
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adopted a definition of the International 
‘Temperature Scale. The initial paragraphs 
of this definition read: 

1. The Thermodynamic Centigrade Scale, 
on which the temperature of melting ice, 
and the temperature of condensing water 
vapor, both under the pressure of one stand- 
ard atmosphere, numbered 0 deg. and 100 
deg. respectively, is recognized as the funda- 
mental scale to which all temperature 
measurements should ultimately be referable. 

2. The experimental difficulties incident 
to the practical realization of the thermo- 
dynamic scale have made it expedient to 
adopt for international use a practical scale 
designated as the International ‘l’empera- 
ture Scale. This scale conforms with the 
thermodynamic scale as closely as is pos- 
sible with present knowledge, and is designed 
to be definite and accurately reproducible, 
and to provide means for uniquely determin 
ing any temperature within the ranges of 
the scale, thus promoting uniformity in 
numerical statements of temperature. 

3. Temperatures on the International 
Scale will ordinarily be designated as “deg. 
C.”, but may 


be designated as “deg. C. 


Int.)” if it is desired to emphasize the fact 
that this scale is being used. 
4. The International ‘Temperature Scale 


is based upon a number of fixed and repro 
ducible equilibrium temperatures to which 
numerical values are assigned, and upon the 
indications of interpolation instruments cali- 
brated according to a specified procedure at 
the fixed temperatures. 

An interesting point about the entire defi 
nition is that the measurement of tempera- 
ture is broken down into three distinct sec 
tions: 

A. From —190 deg. to 660 deg. C. the 
temperature is determined by a_ standard 
platinum resistance thermometer. 

B. From 660 deg. to 1,063 deg. C. the 
temperature is determined by a thermocouple 
composed of platinum, that is, 10 percent 
thodium versus standard platinum. 

C. Temperatures above 1,063 deg. C. 
are determined by an optical pyrometer. 

In practice these divisions overlap; for 
example, the thermocouple method can be 


used as high as about 1,700 deg. C. with 
an accuracy of +3 deg. Centigrade. 
STANDARD Pratinumt ReststANCE THER- 


MOMETER. In conjunction with a Wheat- 


stone Bridge, or specialized modifications, 
the standard platinum resistance thermome- 
ter, Figs. 1 and 2, is capable of measuring 
temperature with an accuracy of 0.01 deg. C. 
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Leeds & Northrup Company 


Fig. 2—Schematic diagram of the Mueller Bridge circuit for precise measure- 
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ment of temperature in conjunction with a resistance thermometer. 





The circuit is essentially that of a conven- 
tional Wheatstone Bridge, the decades A, 
B, D, E. F and G comprise the measuring 
resistors; O and QO, the ratio arms; L, the 
thermometer coil, is the resistance to be 
measured. ‘Terminals “1 Check 2” are pro- 
vided for checking the equality of resistance 
of leads between resistors and studs in the 
A and B decades. 

The resistances of the contacts A and B 
are of negligible consequence, being in series 
with comparatively high resistance ratio arms 
O and Q,. Contact resistances in the three 
lowest decades of 0.01, and 0.001 and 0.000) 
ohm (D, E and F) have a negligible effect 
on 1esults as these decades are so constructed 
that a permanently connected resistor of low 
value is shunted by a comparatively high re- 
sistance in series with the contact. 

With all dials on zero, a residual resistance 
exists in the measuring arm because of the 
construction of decades D, E and F. Bal- 
anced against this residual is the resistance 
of decade B plus the resistance of the coil 
K. The sum of these two resistances is 
slightly greater than the residual of the 
measuring arm, so that when the thermome 
ter arm is short-circuited by inserting a plug 
in the hole marked “Zero,”’ the bridge can 
be balanced by means of the measuring arm. 
This “‘zero reading” must be subtracted from 
subsequent measurements to obtain the true 
resistance of the thermometer. 

The ratio arms O and Q, are joined by a 
slidewire S and are interchangeable. By mov- 
ing the battery contact along the slidewire, 
the ratio can be adjusted to an equality that 
is limited only by the sensitivity of the galva 
nometer and the adjustability of the slide- 
wire. 

In addition to the plug position for ob 
taining the zero reading, another position is 
provided to make connections for quick and 
accurate adjustment of the ratio to equality. 

To measure the resistance between the 
branch points of a four terminal thermome- 
ter, that is, the resistance between the poten- 
tial terminals of a thermometer provided 
with current and potential terminals, two 
readings are required. With the commutator 
in the normal position, the battery supply 
lead is the one marked C, and the bridge is 
balanced with the lead C in the measuring 
arm, and L + T in the measured arm. With 
the commutator in the reversed position, the 
lead marked t becomes the battery supply 
lead, and the bridge 
lead 7 measuring arm, and 
in the measured arm. ‘The 


is balanced with the 
L+C 
iverage of the 
two balances, except for the correction for 
bridge zero, represents the resistance of coil 
L in the thermometer. 

Important internal leads to the commu- 
tator are equal in resistance. 


in the 


The terminal 
C-AD] is used in place of terminal C when 
the bridge leads to the thermometer element 
are not practically equal in resistance. A 
resistor in series with C-ADJ is 
then adjusted to equalize the resistance so 
that the two bridge readings, with the com- 


i% 
variable 
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mutator normal and reversed, are nearly 
equal. 

Current is provided by from one to five 
dry cells in series, with resistors connected 
across them. ‘Three keys R,, R, and R, tap 
off different potentials providing low, 
medium and high sensitivity respectively. 
Currents provided by keys R, and R, are ad- 
justable. When measuring, the current in 
the thermometer can be adjusted to the 
same value as that at which it was cali- 
brated. The milliammeter MA _ indicates 
thermometer current. 

The switch and variable resistor in the 
galvanometer circuit provide adjustable 
series or parallel resistance for damping. 

Platinum resistance thermometers, because 
of the minimization of their strains when 
prepared with temperature versus resistance 
curves give accurate and constant readings 
over long periods. ‘The standard platinum 
resistance thermometer forms the fourth arm 
of the bridge. Since correlation can be estab- 
lished between the resistance of the platinum 
and the temperature, an accurate measure 
ment of resistance is likewise an accurate 
measurement of temperature. 

The original correlation is usually made 
by the supplier of the platinum resistance 
thermometer, however, the U. S. National 
Bureau of Standards or any of the certified 
testing laboratories will calibrate and attest 
to the accuracy of resistance thermometers 
for a nominal fee. 

Materials other than platinum can_ be 
used as resistance thermometers, but they 
should not be relied on as primary standards. 


r 


Some metals suitable for this use are alloys 


of the nickel-iron group and pure nickel. 


TEMPERATURE \IFASUREMENT BY THERMO 
COUPLE. For the accurate measurement of 
temperatures between 660 deg. C. and 1,063 
deg. C. it is recommended that a thermo- 
couple thermometer be used. ‘This type of 
thermometer can be used up to temperatures 
of 1,700 deg. C. and, if proper selection of 
metals is made, up to 1,800 deg. C. In the 
circuit shown in Fig. 3, the potentiometer 
measures by balancing thermocouple electro 
motive force against a standardized potential 
drop. To be sure that the working thermo 
couple standard cell is correct it is compared 
at intervals with a standard potential cell. 

A thermoelectric thermometer measures 
temperatures by measuring the minute volt 
age developed at the junction of two dissimi 
lar metals, when thev are connected in a 
circuit in which the temperature at one junc 
tion is held constant as a reference, while the 
changes in temperature of the second or 
measuring junction, are manifested as 
changes in voltage. 

Ihe three basic concepts in thermoelectric 
thermometers may be stated as: 

1. If there are no other sources of energy, 
the application of heat alone will not cause 
a current to flow in a circuit composed of a 
single homogeneous metal. 
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2. If there are a number of different 
thermocouple junctions in a circuit, but the 
entire Circuit is maintained at the same tem- 
perature, the algebraic sum of the thermal- 
voltages developed will be zero. 

3. The thermal electromotive force, E, , 
to IT, manifested by a thermocouple having 
its junctions at dissimilar temperatures T, 
and T’,, is equal to the sum of the electro- 
motive forces developed by the thermocouple 
at successive temperature intervals. 


Eu to 7, = Ey to Tz; + Ex to 73 + 
wae Bus 00 Ty 

Among the characteristics that a desirable 
thermocouple should have are physical and 
chemical stability, reproducibility, adequate 
thermal electric response, and_ availability. 
he most usual, flexible, and accurate 
method of measuring the small voltage dif- 
ferentials per deg. C., that is, of the order 
of 0.0114 millivolts per deg. C. or 0.00622 
millivolts per deg. F. is by use of a calibrated 
potentiometer. 

Calibrated thermocouples are commer- 
cially available. Subsequent thermocouples 
can be calibrated by comparison to the 
standard. In the event one wishes to per- 
form the basic calibration, the technique is 
well established (see Roeser and Wensel, 
Journal of Research of the National Bureau 
of Standards, 14,247, 1935, R.P. 768). 


OpticaL Pyromerrry. ‘Though most optical 
pyrometric methods are subjective, that is, 
they depend on observations made by eye, 
they are capable of giving reproducible 
measurement to within +4 deg. Kelvin. 
‘These instruments determine temperature by 
comparing either brightness or color of the 
object studied to the brightness of a tung 
sten filament. One form of the instrument, 
shown in Fig. 4, varies the filament bright 
ness until it becomes invisible against the 
background of the object being measured. 


I'he usual method of calibrating an optical 
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Fig. 3—Circuit for thermocouple type 


thermometer. 





pyrometer is the familiar comparison 
method, wherein both the instrument to be 
checked and a certified standardized instru 
ment, which has been calibrated at the Na 
tional Bureau of Standards, are successivel) 
focused on an uncalibrated tungsten lamp 
filament that is maintained at a uniform 
temperature by means of a regulated voltage 
supply. By varying the temperature of the 
filament, and comparing the readings th« 
optical pyrometer can be calibrated. ‘The 
principle and technique of the basic calibra 
tion has been thoroughly described by W. E 
Forsythe, ““l'emperature, Its Measurement 
and Control in Science and Industry.” 


STANDARDIZATION OF ELECTRICAL MEASURI 

MENTS. Although electricity is not a basic 
dimension, the standardization of electrical 
instruments is essential because proper 
standards stimulate confidence in the cus 
tomer, stimulate confidence in the manufa 

turer, help control the quality of testing, and 
save manhours of engineering time. 

The general duties of an_ electrical 
measurement standardizing section are the 
calibration and periodic checking of all rotat 
ing type standard meters and portable in 
struments. In addition, the section shou 
be able to make precision measurements of 
resistances of extreme valucs, perform a 
ceptance tests on all purchased metc 
check the calibration of new test equipment 
and perform acceptance tests on materia 
which resistivity is a factor. 

Briefly, the main function of a n 
standardizing laboratory is to provide a 
ate electrical measurements. To obta 
such measurements, some reference must 


made to basic electrical standards. 


PRIMARY STANDARDS. The two fundament 
electrical measurement standards are the In 
ternational Ohm and Volt. As a method 
maintaining these basic units in indust 
standard resistances and cells are comm 
cially available. Several sets of standa 
should be available so that one of each can 
be periodically certified. 

The practical standard of voltage is t 
standard cell. Most authorities advise 
use of the so-called “‘unsaturated cell.’’ ‘J 
cell, while not having a voltage that can 
exactly predetermined, is comparatively free 
from temperature variations. 

Inter-comparisons of the usual three cells 
should be made at least monthly. Once a 
year, in mid-spring or autumn to avoid d 
aging temperatures, the cells should be sent 
to an outside laboratory for certification 
The cells should be subjected to minimum 
possible temperature variations, and 1 
to temperatures lower than 4 deg. C 
higher than 40 deg. Centigrade. 

Current in excess of 0.1 milliampere p.ss 
ing through the standard cell is likel; 
damage it, consequently these cells should 
be used in circuits where very little current 
flows even during the process of balancing. 

An important type of prime elect ical 
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Fig. 4—Disappearing—filament type of optical pyrometer, 
indicates temperature by visual comparison of brightness. 


tandard is the calibrated resistance in the 
m of a potentiometer that is especially 
1 


signed for rapid and convenient measure 


ments of unknown d.c. voltages. Practically 
m.f. and current measurements of pre 
character are made using the precision 
potentiometer 
\s potentiometers are designed for oper 
ition at about 1.5 volts, some form of mul- 


tiplier is necessarv for higher voltage measure 
ments. Such volt box multipliers can be had 
ith ranges of 15, 150, 300, 750, and 1,500 
Indicating instruments must be available 
meter standardizing 


laboratory that 
n inserted in 


the potentiometer circuit 
g 1 perceptible deflection with an unbal 
equal to the smallest scale division. A 
| industrial tvpe of galvanometer for 
practical purposes has a sensitivity of 5.5 
olts per scale division. 


+ 


3 NDARY ELECTRICAL STANDARDS. Fo1 
d.c. work, secondary standards may consist 

boratory standard voltmeters or labora 

standard millivoltmeters with shunts. 
When provided with the usual mirrors for 
limination of parallax errors, and carefully 

led in permanent positions and _ cali- 
brated, these instruments are accurate to 0.1 
scale division. Meters of 0.25 percent 
racy of the electrodvnamometer type 
erve as secondarv standards and transfer 
instruments to alternating currents as well. 


\ 


mdary standards should be compared 
with the primary standards at least once 
e\ two weeks. This verification should 
take place at zero and at least one point 
ibove half the scale on every range of the 
instiument. In addition. a complete com- 
parison should be made periodically or when- 
ever an appreciable change is found. 

'!| indicating instruments used as work- 
ing standards should be tested frequently. 
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Daily testing is desirable if the meter is 
used outside the meter standardizing labora 
torv. Each test should consist of a verifi 
cation of the zero and a comparison with a 
standard instrument at some point between 
two thirds and full scale. If a deviation 
greater than one full scale division occurs, 
the instrument should be recalibrated. At 
periodic intervals a complete verification of 
all the cardinal points should be made. 


CALIBRATION OF SECONDARY ELECTRICAL 
STANDARDS. A precision potentiometer, in- 
dicated by the line PO in Fig. 5, is in essence 
in electric conductor of uniform resistance 
per unit length stretched along a scale gradu 
ated in uniform divisions. A battery con- 
nected in series through rheostat R, causes 
i steady current to flow through potentiome- 
ter PO. The resistance being uniform, the 
voltage drop through PO caused by this 
steady current 


sometimes called the work 


ing current) is a function of length, that 


Potential difference from D to D’ 








Potential difference from P to O 
Length D D’ 
Length PO 

If a standard cell is connected across DD’ 
through a sensitive galvanometer, so that the 
current flows in the opposite direction from 
the working current, the rheostat R, can be 
varied making the working current just equal 
to the standard cell current as indicated by a 
null indication on the galvanometer. 

In this wav the working current can be 
standardized. If it is desired to compare an 
unknown voltage, that is, a thermoelectric 
voltage, to that of the standard cell, it is 
only necessary to switch the unknown voltage 
into the circuit to replace the standard cell 
by throwing the switch from K to U and 
setting the potentiometer for a null reading 
on the galvanometer by varying the distance 
DD’ on the potentiometer. 


Fig. 5—Circuit showing use of primary standards in meter 
standardizing system. 


the distance DD’ is usually 
et to a resistance 1,000 times 


In practice, 


the potential 
of the standard cell 


1] 


Ihe potential of the 


tandard cell is given bv certification from 
the manufacturer and is accurate to within 
+0.01 percent of the certified value. In 
terms of potentials, a standard cell certified 

1.0192 can tually have a_ potential 
udation of 0.0001 volts By setting DD’ 
to 1,000 times the potential of the standard 
ell, each division of DD’ represents a poten 
tial difference of 1 millivolt. Consequently, 
once the distance DD’ has been set to a 
galvanometcr null, the unknown voltage is 


id directly in millivolts 


Suppose it is necessary to calibrate a 0 to 
500 voltmeter. ‘The meter onnected in 
parallel with a decade box BX, and with a 
theostat R, across a source of supply, and 


} 


sufficient voltage is applied to deflect the 


meter to read some given amount, assume 
300 volts. The question then is: What is the 
true voltage across the meter that makes it 
deflect to read 300 volts? 

lo answer this question a known propor 
tion of the voltage across the decade box is 


tapped off and is fed to th terminals marked 
ET. The usual limit of 
box is +0.04 percent. Suppose the tap is 
made so that LX is 1/1,000 of BX, then the 
variation in LX is +0.0000004 of its true 


value. Suppose that when the voltage LX is 


ror of the decade 


measured on the potentiometer PO, as indi 
cated by the galvanometer null point, it is 
327.5 millivolts. Consequently, the voltage 

ross BX is 1,000 times 327.5 mv. or 327.5 
volts, that is, the meter required 327.5 volts 
to be deflected sufficiently to read 300 on 
its scale. The meter is then calibrated at 
this one point. As already indicated in the 
discussion concerning the meters used for 
secondary electrical standards, comparison 
should be made with the primary standards 


at least once everv two weeks. 


nN 
pad 
1 








CLAMPING DEVICES FOR ACCURATELY | ; 













































































































































































Methods of clamping parts which must be readily movable are as numerous and as 
varied as the requirements. In many instances, a clamp of any design is satisfactory, 
provided it has sufficient strength to hold the parts immovable when tightened. However, 
it is sometimes necessary that the movable part be clamped to maintain accurate alignment 
with some fixed part. Examples of this latter-type are described and _ illustrated. 
LOUIS KASPER 
Movab/e a 
part 
FIG. 2—Lower edge of the bolt head contacts the angular side of 
locating groove, causing the keys to be held tightly against the opposite 
side of the groove. ‘This design permits easy removal of the clamped 
part, but is effective only if the working pressure 1s directly downward FIC 
or in a direction against the perpendicular side of the slot. the 
an 
Z Stationary part Bhan tine rea y app. 
FIG. 1—When nut is tightened, the flange on the edge 77, TIT T 
' =i ; —_ UW, jt 
of the movable part is drawn against the machined edge fy Wy Mov 
aos Y Yj é es 
of the stationary part. ‘This method is effective, but yy UY 
removal of the clamped part may be difficult if it is heavy YW yy / 
or unbalanced. MWg ~~ 9 GY 
FIG. 3—The movable part is held against one side . 
of the groove while the ‘I-nut is forced against the SY \ Sha 
other side. Removal of the screw permits easy 7 + 
removal of the clamped part. Heavy pressure toward wupitieitiinaes —" 
the side of the key out of contact with the slot may FIC 
permit slight movement due to the springing of _ 
the screw. ° on 
a Movable thre 
Movable part (Y! 7) Conical head bo/t — slig] 
a - = Pc e the 
y - =) : 
WN A/ SITC 
ton 
YY ; the 
| _4} A, | Was! 
\N == y shat 
es 3 \N yy in 
j— mMo\ 
+f "rae! ih) back 
| for 
a e eenay Machined at ang/e fo torrm dovetail The 
, ; , lock 
FIG. 4—One side of the bolt is machined at an angle to form tOCK 
a side of the dovetail, which tightens in the groove as the nut Mp 
( Y TY) is drawn tight. Part must be slid entire length of slot for removal. - 
=a Pr ot 
Sj 
eee | 
SS! 
FIG. 5—The angular surface of the nut contacts the angular sid 
of the kev, and causes it to move outward against the side 
Wy mgudar surface the groove. This exerts a downward pull on the clamped pai 
Y due to friction of nut against side of groove as nut is draw 
upward by the screw. 
_— 
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ALIGNING ADJUSTABLE PARTS 








































































































































































































\ 7 red 
\ 
~ 
iP 
24 
“A . 
Ke 
a5 » 
Y / 
codenamed Setlist at e 
| | 
oA FIG. 8—Screw contact causes the ball to exert an outward pressure 
CA ° ‘ owe , ° ° —_ 
LEN against the gib. ‘The gib is loosely pinned to the movable part. ‘This 
“Ne A ° " ° 
Ags slide can be applied to broad surfaces where it would be impractical 
Gy to apply adjusting screws through the stationary part. 
ot \ 
te \ 
»-Movable part 
d Y 
j TC | mn ; hel me ee +“ -\ 
rd FIGS. 6 and 7—These designs differ only in depth of <coageaeelagiie +t vy 
the grooves. ‘They cannot withstand heavy pressure in --- 
an upward direction but possess the advantage of being \ 2 oS 
applicable to narrow grooves. Bar machined to angle 
FIG. 10—One edge of a bar 1s 
J machined at an angle which fits 
Movable Short Movable : 
merrber shott ; member into mating surfaces on the mov- 
WN NN able part. When the bolt, 
i ‘HHH which passes through the mov- 
W able part, is drawn tight, the 
i Wi Siwees two parts are clamped firmly 
V eat 7) fe Thin member together. 
L / \ J as fatioriary 
Shatt flattered Washer SUuppOrring 
. bar slotted 
¥or errire ley gth of adjustment 
FIG. 9—The movable member is flanged on 
one side and carries a conical pointed screw 
on the other side. A short shaft passes 
through both members and carries a detent 
slightly out of alignment with the point of 
the screw. "This shaft is flattened on oppo- FIG. 11—As the screw is tight- 
site sides where it passes through the sta- ened, the chamfered edges of 
tionary member, to prevent its turning when the cut tend to ride outward on 
the movable member is removed. A heavy the ancular surfaces of the key 
washer is screwed to the under side of the This dcaws the moveable member 
shaft When the knurled screw is turned tightly against the opposite side 
inward, the shaft is drawn upward while the of the shaft 
movable member is drawn downward and Movable Sides 
backward against the flange. The shaft is tastes ham? 
torccd forward against the edge of the slot. ——s igs 
. a. ocaririg 
he upper member may thus be moved and surfaces of key 
form locked in any position. Withdrawing the 
weit point of the screw from the detent in the 
sal shaft permits removal of the upper member. 
Movable 
member" Locking reu 
set at 45 deg 
FIG. 12—As the screw is turned, it causes the movable 
side, which forms one side of the dovetail groove, to a 
™m « ° ore = Vove;ra/ 
move until it clamps tightly on the movable member. The 
a e 5 im 4 
movable side should be as narrow as possible, because there fee 
. P 4 
is a tendency for this part to ride up on the angular SO 
surface of the clamped part. < 
— — 
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WNOUSTRY AND SOGIETI&9 


RESEARCH—STANDARDS—PATENTS 


The German Plastics Industry, 1939-1945 








Army and Civilian Investigators Report Interesting Developments 


IMMEDIATELY AFTER the Allied break 
through into Germany last year, technical 
experts were selected by various branches 
of the Army and by several government 
departments to enter former enemy terri 
tory and study all technological develop- 
ments of possible interest to American in 
dustry. ‘These agencies, which included the 
Ordnance, Chemical Warfare, Air Forces, 
and Quartermaster departments of the Army 
in addition to the Foreign Economic Ad 
ministration and the War Production Board, 
chose engineers and scientists from every 
branch of industry, sent them to specific 
industrial “targets,” and charged them with 
investigating and reporting on the state 
of the enemy’s technological development 
in each particular field. Many of these in- 


Oil container for 
aircraft made 
from Igamid B__ 






Roller bearing gages 
made from Igamid 
( Not successful ) 


Film spools and 
exposure meter parts 





Polystyrene spring molded 
by Rheinisch Westphaelisches 
Kunstoff Werk 


Steel wire 
molded case é 






Gaskets injection moided 


vestigations were carried out before V-E 
day, and under semi-hazardous conditions. 

Following is a report of German plastics, 
with special emphasis on those aspects of 
plastics of interest to readers of PRopuct 
E;NGINEERING. ‘l'his article is based on re 
ports of civilian investigators of the Army 
Ordnance Department, Quartermaster Corps 
and Chemical Warfare Service, which were 
made available by the Enemy ‘Technical Re 
ports Committee. All plastic products shown 
were collected by George S. Nalle, Jr., for- 
merly a Captain in the Air Technical Ser- 
vice Command. In addition, Mr. Nalle 
furnished supplementary information on 
German plastics developments, acquired dur- 
ing his trip through Germany with one of 
the ‘Technical intelligence teams. 


Automobile door 
handles (Note 
metal inserts ) 


Substitute for tin can 
made from Igamid 
( This development was 
never satisfactory ) 













q Coffee filter, water 
filter, dental basin strainer ( Made 
from Igamid B ) 





from soft Igamid 


Typical German industrial parts, all molded of Igamide, except for the spring. 
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The development of the German plastics 
industry during the war years was influenced 
by two major factors: the enormous demand 
for substitute materials derivable from the 
limited raw materials available; and the 
predominant position of the well organized 
and well staffed research divisions of the 
I. G. Farbenindustrie A. G. As a result 
of the former, derivatives of acetylene, heavy 
chemicals and coal received tremendous im 
petus; while from the latter came pr 
nounced emphasis on the chemical rather 
than the mechanical phases of the industr 
—although this was not true in the flexible 
sheet field. 

It is difficult to compare the progr 
of the German and American plastics 
dustries, while they have thus been separated 
from each other. In general, American p1 
tice has tended toward streamlined fabrica 





tion, with a large number of new chemical 
types of plastics. German chemical pt 
tice in the newer “unsaturated polyme 
chemically, long-chain plastics having un 
stable bonds, thus lending themselves to 
combining with additives) is efficient and 
has attained surprising volume. They 
have new chemical types which American 
plastics engineers consider to be most 
teresting for the future; their fabrication 
and molding operations, however, 
they involve ingenious 
tially small scale compared with ours 
German chemical research has been 
pressive, and has produced fast polym¢ 
tion of synthetic rubber; two new tough, 
high-melting or curing polymers related to 
our polyamides (nylon is a_polyam 
new magnetic fillers for plastics; new plas 


devices, are essen 


ticizers for polyamides, from which fi 1S 
made by both casting and extrusion; t 
parent polyamides; more corrosion-resistant 


pigments and rot-resistant fiber from 
nated polyvinyl chloride. 

Capacity of the German plastics in 
is still high. A few plants, like the G. 
Ludwigshafen, Continental Rubber, 
over, Kurt Albert at Wiesbaden and | 


and Haas at Darmstadt, were severely dam 
aged but could produce surprising tonnages 


nevertheless. Most of the I. G. plants— 
molding, coating and cable plants— were 
moderately to slightly damaged an 
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capable of good-sized production. 

In phenolics, some transfer molding was 
used, but usually straight compression mold- 
ing sufficed for this type of material. A few 
large laminated moldings, such as a large 
battery box, could be seen. In the injection 
molding field, presses were small, the 30 
c.c. (about 1 oz.) machine being the most 
widely used. Several injection molding pres- 
ses of 250 c.c. and one of 400 c.c. (about 
14 oz.) capacity were seen, but use of such 
machines was not common practice since 
only two of the larger size had ever been 
made. Injection molding laid emphasis on 
elaborate design of molds with many un- 
dercuts. Elaborate dies which automatically 
cutgates and ejected the finished product 
were in general use. Simultaneous com- 
pounding and injection was tried experi 
mentally. 


Materials and Products 
PoLyAMIDES. Probably the greatest ad 
vance in German plastics was made in the 
field of polyamides, or nylons. They were 
known by the trade names of Igamide or 





Polystyrene radio speaker housing 
shows fine detail of German moldings. 


Perlon, but chiefly sold under the former 
name. ‘Three principal commercial types 
of polyamides were: Igamide A, B and 6A. 
Igamide A is the same as the DuPont 6-6 
type of nylon and has a melting point of 
0 deg. C. Typical applications for Iga- 
e A were cable fasteners for airplanes, 
tion caps for grenades, combs, buttons 
and valve seats. 

lgamide B is highly polymerized capro 
tam, which is a complicated derivative 


m 


of phenol. Igamide B has a melting point 
of 220 deg. C., and is much softer than A. 
It usually spun out into filaments and is 
made into spirally-wound tubes. Applica- 
tions are electrical insulation and fuel lines. 


imide 6A, which is a mixture of 60 
percent A and 40 percent B, is the principal 


type of polyamide used for artificial leather 
and sheets. For the former purpose, it is 
plasticized with 30-35 percent of Dellatol, 
a tiuxture of toluene sulfonamides. Sheets 
PR 
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Polystyrene electrical parts with inserts molded in place. 


are calendered at 80 deg. C. and _press- 
polished or embossed at 180 deg. C. Films 
and sheets are also cast from a solution of 
Igamide 6A and 5A (50 percent A and B) 
in 70 percent ethyl alcohol and 30 percent 
water. These films, cast on drums at the 
rate of 160-200 meters per hr. in thicknesses 
of 0.002-0.003 mm., are resistant to oil 
and chlorinated hydrocarbons, and were 
used extensively for anti-gas capes. 

Centrifugal casting of tubes from un- 
plasticized Igamide A and B was done ex 
perimentally in the laboratories of Dynamit 
A. G. Troisdorf. In this method, polya- 
mide powder was fed into a horizontal ro- 
tating tube which was electrically heated. 
The temperature gradient along the tube 
was such that the powder melted near the 
input end and was distributed around the 
walls of the tube by centrifugal force. Rapid 
decrease of temperature in the remainder 
of the tube caused the polyamide tube to 
shrink, thus facilitating removal. ‘The proc 
ess was continuous and a tension device 
with a bearing to accommodate for rota 
tion drew out the polyamide tube. 


“LUVITHERM”. Unplasticicized polyvinyl 
chloride was used to produce film of 1.0 
to 1.4 mils thickness. The process employed 
in making this film, called “Luvitherm,” 
is to hot-roll the polyvinyl chloride at 165 
deg. C. for 5-10 minutes, transfer to a cal 
ender for filming on rolls at 165-170 deg. 
C., heat for a few seconds on a roll at 260 


deg. C., and stretch on a roll heated to 120 
deg. C. The film coming off the calendar 


is 50 cm. wide and 50 microns thick; this 
is reduced in stretching to 32 em. wide and 
30 microns thick. 

Luvitherm is the first dry-processed un 
plasticized polyvinyl chloride film made in 
Germany. It is of immediate interest as a 
packaging material for protection against 
tropical conditions. Heat sealing is difficult 
because the tack point is high, but the film 
can be cemented by the use of cyclohexa 
none or tetra-hydrofurane and pressure. The 
tensile strength of stretched film is 17,000 
lb. per sq. in lengthwise and 5700 lb. per 
sq. in. crosswise; elongation is 15-30 per 
cent and 5 percent, respectively, in the two 
directions. It is not suitable for high volt 
age electrical work. 


Tape Recorder 


\n interesting application of this Luvi 
therm film is the Magnetophone recording 
and transcribing device developed by I. G. 
Farbenindustrie A. G. and Allgemaine 
Klektrizitats-Ges., Berlin. It is composed of 
a Luvitherm film 0.035 mm. thick on which 
is cast by means of a doctor blade a coating 
0.008-0.010 mm. thick from a black mag 
netic iron oxide suspension. This is then oxi 
dized to give microscopic crystals of ferric 
oxide possessing magnetic propertic S 

In operation the tape passes from a roll 
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across the gap of a small magnetic arma- 
ture with the surface bearing the magnetite 
running against the armatures. For trans 
scribing, sounds are electrically amplified, 
inducing strong magnetic fields across the 
gap of the armature, thus establishing many 
small permanent magnets in the iron oxide 
of the tape. In playing back, the machine 
operates in reverse fashion, the magnetic 
variation in the tape inducing small mag- 
netic fluxes in the armature which are ampli- 
fied and reproduced as sound. ‘The tape can 
be cleared of recording by passing it over 
another properly magnetized armature. New 
recordings can then be made on the tape, 
and if desired, the clearing and recording 
can be done on one pass. ‘The system was in 
general use on the German radio networks. 


Orner Potyvinyt CHioriwe Uses. In 
addition to the cable and rainwear uses, 
polyvinyl chloride, called “Mipolam,” is 
used for civilian shoe soles. The material 
for shoe soles contained about 50 parts PVC, 
35 ‘parts plasticizer and 15 parts filler. 

An interesting development was uncov- 
ered at the plant of Dynamit A. G. ‘Trois- 
dorf. Developed by Eckert and Ziegler, this 
was a double screw extrusion machine called 
a “Sneckenpressen,” which has two parallel 
screws in a common housing. By this ar- 
rangement the material to be extruded is 
thoroughly kneaded. Different grades of ma- 
terial can be mixed and the molder can add 
his own colors and lubricants. When hard 
Mipolam and other tough materials are used 
this machine eliminates the need for work- 
ing and preheating in a rubber mill prior 
to conventional extrusion. 

Another machine useful for vinyl ma- 
terials was a wire-coating extruder, uncovered 
at the Suddeutsche Kabelwerke, Mannheim. 
Instead of employing the conventional cross- 





ENEMY TECHNICAL 
REPORTS AVAILABLE 


~ More THAN 200 technical experts 
drawn from almost as many different 
firms as well as universites and gov- 
ernment agencies have completed in- 
vestigation of every phase of German 
technology and production. Reports 
written by these experts on their find- 
ings are now available. 

Requests for reports should not 
be made to individual government 
agencies, but should be addressed to 
the Office of the Publication Board, 
Department of Commerce, Wash- 
ington 25, D. C. Mail orders should 
be accompanied by checks, and made 
payable to the Treasurer of the Uni- 
ted States. Weekly bibliographies of 
reports available, together with prices 
of reports, may be obtained by writ- 
ing to the Superintendent of Docu- 
ments, Government Printing Office, 
Washington 25, D. C. 











head, this machine had a hole through the 
center of the screw. Advantages claimed for 
the machine are: less chance for material 
decomposition in the head due to local high 
temperatures, because the flow is uniform 
and there is no turbulence; less material is 
lost when it is necessary to remove a flaw 
in the wire. Speed of coating, however, was 
not increased as intended. 

For flexible tubing, a machine that makes 
tubing reinforced with spiral springs was 
uncovered. The machine makes the spring- 
ing itself, by means of a special mandrel. 


PotyvinyL ACETATE AND PoLyvinyL AL- 
couoL. These polymers were used largely 
in emulsions for artificial leather and adhe 
sives. Polyvinyl alcohol had an important 
application in anti-static oil-resistant belting. 


Cret.uLose Prastics. Trade names for cel 
lulose acetate plastics were Trolit for the 
molding powder and Cellon for the sheet 
stock. ‘The outstanding development in the 
cellulose field was the sizeable use of carboy- 
methyl cellulose, made possible by a clean 
ing process which greatly reduced quanti 
ties of soap, saving fatty acids. 


PoLyIsOBUTYLENE. Called Oppanol, this 
material had widespread application in gas 
capes and in heavily loaded sheet for water 
proofing footings of structures. 


ACRYLATES AND METHACRYLATES. By agree 
ment, Rohm and Haas makes methacrylate 
monomers and I. G. makes acrylate mono 
mers. Most of the methacrylate production 
during the war went into transparent ma 
terials for airplanes. Acrylates were used 
in textile sizing, bonding agents for leather 
scraps and lacquers for insides of cans. 


Pueno.ics. Shockproof applications wer: 
usually made of cloth-filled phenolics. A 
very large submarine batterv box was mad 
by high pressure molding from a_ preform 
of resin impregnated paper. The Germans 
did no low pressure laminating. 


Ureas AND MELAMINES. ‘Two thousand 
tons a month of these plastics went into pro 
duction of adhesives for bonding plywood. 
Water resistance was increased by adding 
resorcin. An interesting development in this 
field was a transparent urea resin, made by 
casting. Its only use was as a mounting 
medium for biological specimens. Although 
brittle, it was extremely stable to light. 





SIGNAL CORPS EXPANDS RADAR STUDY OF MOON 


\SIDE FROM THE ROMANTIC aspects of hav- 
ing sent a signal to the moon and received 
it back, the radar experiments, conducted 
early in January by the Army Signal Corps, 
have made a definite contribution to the 
science of radio propagation. 

The principal significance of these radar- 
to-the-moon tests, as explained by the Maj. 
Gen. Harry C. Ingles, Chief Signal Officer, 
is that they demonstrated for the first time 
that radio waves in the very high frequency 
band will completely penetrate the iono- 
sphere, the celestial void, and whatever form 
of atmosphere that may surround the moon. 
‘This penetration was accomplished on a tre- 
turn trip without distortion or refraction. 

The ionosphere is the electrically charged 
area that surrounds the earth at distances 
ranging from 38 miles above the earth’s 
surface to 250 miles or farther. The ionos 
phere, as its name signifies, is composed 
of ions and has long been known to have 
the property of absorbing or reflecting radio 
waves. ‘The degree to which this absorption 
occurs depends upon a number of factors, 
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the chief ones being the frequency of the 
waves, the density of the ionosphere, and 
the angle or tangent at which the waves 
strike the ionosphere. The higher the fre- 
quency of the radio wave and the sharper 
the angle of contact—that is the nearer 
to the perpendicular—the more complete is 
the absorption. The reverse also is true. 
The lower the frequency of the wave, and 
the more obtuse the angle of contact, the 
less likely it is that the wave will be absorbed 
and the more likely that it will be reflected. 
The radar set employed at the Evans 
Signal Laboratory, at Belmar, N. J., was 
primarily designed for long range detection 
of hostile aircraft. Known as the SCR-271, 
the equipment was modified to meet the re- 
quirements of launching radio pulses to the 
moon and detecting the resulting echoes. 
The sct was operated on its standard 
frequency of 111 megacycles, which is a 
wavelength of 300 centimeters (about 110.8 
inches). This lies in the very high frequency 
range. Since the radar antenna was sighted 
just over the horizon in these tests, the re- 


sults showed that frequencies of this order 
will penetrate the ionosphere even at low 
angle tangents—which would be impossible 
with the lower frequencies. 

The War Department revealed that th 
Army Signal Corps. already has embarked 
upon a long-range research program to 
velop more reliable techniques for radar 
study of the moon and ionosphere. 

Major General George L. Van Deusen, 
Chief of the Signal Corps’ Engineering and 
Technical Service, explained that the Evans 
Signal Laboratory will attempt to increase 
both the power and the sensitivity of the 
lunar radar, in order to obtain more definit 
and informative oscilloscope indications. An 
other improvement in technique, which v 
be effected as soon as the necessary design 
changes can be made to the equipment, \ I] 
permit scientists to study the moon over 4 
large portion of its path instead of only its 
rise and fall. Construction of a new antenna 
base, comparable to those used for large 
astronomical telescopes, will enable the radar 
to “scan” vertically as well as horizontal! 
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WASHINGTON NOTES 








Party Lines Complicate 
Federal Research Picture 


Putting pressure on for a comprehensive 
national program of scientific research, Pres- 
ident Truman’s desire to reconcile the Kil- 
gore and Magnuson bills for a National 
Research Foundation is well on its way to- 
ward fufillment—except for a slight hitch. 


Events Leading Up—For months Senate 
military affairs and commerce subcommit- 
tees had conducted joint hearings upon sep- 
arate research bills introduced by Senators 
Kilgore and Magnuson. Main points of 
difference between the two bills centered 
around control of the Foundation and Pat- 
ent policies of unclean agency. Kilgore’s 
bill would delegate control to a single, pres- 
identally-appoimted administrator; patents 
developed from federally-financed research 
would revert to the government, at the dis 
cretion of the administrator. The Magnu 
son bill places responsibility for direction 
of the Foundation in the hands of a board, 
made up predominantly of scientists; no 
definite patent policy was expressed, leaving 
each case to be judged by the board on its 
merits. 

Paralleling congressional opinion, the Kil 
gore-Magnuson issue caused a schism in the 
scientific world. Under the leadership of 
Dr. Isaiah Bowman, president ‘of Johns 
Hopkins University, a “Committee Support 
ing the Bush Report’ was formed, and came 
out four-square for the Magnuson bill. ‘This 
committee, receiving the support of the 
four leading national engineering societies 
and the leading medical and biological soci- 
eties, attacked the Kilgore bill on the direc- 
torship and patent provisions. To counteract 
this scientific “lobby” another group of 
scientists, whose moving spirits were Dr. 
Harold C. Urey of atomic bomb fame and 
Dr. Harlow Shapely of the Harvard Observa- 
tory formed a “Committee for a National 
Science Foundation.” This group, although 
calling for a compromise leaned heavily 
toward the Kilgore idea of a Foundation. 


Breaking the Deadlock—Although Kilgore 
introduced a “compromise’’ measure, S. 
1720, early in January, his bill was not ac- 
ceptable to Magnuson, and the situation had 
just about reached an impasse. 

President Truman’s “‘state of the Union” 
message made it clear that he wanted the 
deadlock broken, and the fine hand of the 
White House could be seen in the events 
following. On Wednesday, January 23rd, 
there was held an informal panel consist- 
ing of Dr. Vannevar Bush, Dr. Bowman, 
Senator Magnuson, Senator Thomas of 
Utah, who has a bill to aid education pend- 
ing, Senator Kilgore and his co sponsors for 
S. 1720—Senators Fulbright, Saltonstall and 
Pepper. The meeting accomplished what 
it set out to do—iron out differences. Word 
how comes from both the Kilgore and Mag- 
nuson offices that a new research bill, hav- 
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ing the blessings of both camps, will shortly 
be introduced. Features of the compromise 
The Foundation is to be headed by a single 
administrator, but he is to work with an 
advisory board on which scientists predomi 
nate. This director will be appointed by 
the president after receiving recommenda 
tions from the advisory board. Patents will 
be dedicated to the public, except where 
the director decides otherwise. 


Republican Bid—Backed by a group of seven 
Republican stalwarts, (Hart of Connecticut, 
Hawkes of New Jersey, Hickenlooper of 
Iowa, Smith of New Jersey, Stanfill of Ken 
tucky, Wiley of Wisconsin and Young of 
North Dakota), Senator Willis of Indiana 
introduced the G.O.P.’s version of science 
legislation into the Senate. The bill, S. 
1777,, vaguely defines the functions of the 
National Science Foundation and would 
put control in the hands of a board nomi 
nated by the National Academy of Sciences. 
It is understood that this measure has at 
least the passive backing of Dr. Frank 
Jewett, Bell Telephone scientist and _ pres 
ident of the National Academy. 
Washington sees the Willis bill doomed 
to certain defeat, but the feeling on Capitol 
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Hill is that the measure represents the Re 
publican oar in the troubled science leg 
lation waters 


S 
Thus, they cannot later b« 
accused of having no scicnce program. 


The Popular Atom 


Leading congressional body concerning. it 
self with atomic energy is the Senate Com 
mittee on Atomic Energy, whose chairman 
is Senator Brien McMahon of Connecti 
cut. Other members of the committee arc 
Senators Edwin C. Johnson, ‘Tom Connally, 
Richard B. Russell, Harry F. Byrd, Millard 
K. ‘Tydings, Arthur H. Vandenberg, Eugene 
D. Millikan, Warren R. Austin, Bourke B. 
Hickenlooper and ‘Thomas C,. Hart. 


Civilian or Military Control?—Now before 
this committee are some 20 different bills 
and resolutions on atomic energy, including 
the Mavy-Johnson bill, and a new bill in 
troduced by Sen. McMahon, which provides 
for government control of “‘fissional ma 
terials,” but does not impose the drastic 
restrictions on atomic rescarch and informa 
tion that the May-Johnson bill enjoins. 

The McMahon bill, S. 1717, calls for 


a five-man, full-time commission with powel! 





New Fighter First to Use Propjet 


surized 


4 blade ' 


Propeller att 


l 


res 
cagin 


Engine air 


ducts et 


Most POWERFUL FIGHTER in the world, this 
Consolidated Vultee XP-81 built for the 
Army Air Forces, is the first plane ever 
to fly with a gas turbine engine designed 
for propeller drive. Powered by a General 
Electric gas turbine engine in the nose and 
a G.E. jet engine in the tail, the fighter 
will fly at a speed of more than 500 miles 
per hour. High efficiency of the engines, 
which usually burn kerosene, also enables 
the XP-81 to cruise over long ranges. 

The two engines operate independently 
and their combined power is virtually the 


Jet exhaust 
through fail 





same as that produced by all four engines 
on a B-29 Superfortress. The front engine, 
which has a four blade propeller of 12 ft. 
diameter, is known as the General Electric 
TG-100, Propjet. (See page 76, January 
“Industry and Societies.”) The rear unit 
is designated, 1-40, and is also built by G.E. 
The XP-81 can fly on both engines or cither. 

Gross weight of the single place fighter 
is 19,500 Ibs. Its NACA laminar-flow wing 
has a span of 50 ft. 6 in., its length is 44 ft. 
8 in., and height 13 ft. 6 in. It is equipped 
with a tricycle landing gear. 
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to determine and execute policy in line with 
the direction laid down by Congress. ‘he 
May-Johnson measure, however, provides for 
an unpaid, part-time policy-making group 
of nine-year tenure and a paid, full-time ad- 
ministrative organization. Chief difference 
between the two bills is not in the form of 
control organization, but rather in the 
philosophy behind it. The May-Johnson 
bill would virtually put atomic energy in- 
formation on a wartime footing, whereas 


the McMahon organization would permit 
relatively free exchange of information 
among all scientists. 

Significantly, the May-Johnson bill is 
supported by the Army, especially Maj. 
Gen. L. R. Groves, head of the Manhattan 
Project. ‘The overwhelming majority of wit 
nesses appearing before the Senate Atomic 
Energy Committee have declared for the 
McMahon bill, however. The scientists have 
been particularly strong in their oppositive 


to the May-Johnson bill. One notable ex 
ception, however, was Dr. Carl ‘I. Compton, 
president of the Massachusetts Institute of 
Technology, who, although he attacked 
both bills, expressed a preference for the 
May-Johnson type of control organization. 

The McMahon committee is expected 
to report a control measure to the Senate 
very shortly, and if President Truman’s en 
dorsement carries any weight, the McMahon 
bill should be a heavy favorite. 





War Research Brings 


Tur Exvecrro-Acoustic Lasoratory, the 
first laboratory at Harvard to engage in Na- 
tional Defense Research, has closed its doors 
after five vears of war work for the Army, 
Navy and Marine Corps under O.S.R.D. 
funds. 

Under the directorship of Dr. Leo L. 
Beranek, the Laboratory, conceived in No 
vember 1940, received its first commission 
from the Army Air Forces. It was assigned 
to investigate means for quieting the noises 
inside long-range bombing planes so that 
the personnel could do their job with less 
fatigue. A few months later, it received its 
second and most important assignment, 
which was to make communication possible 
between the crews of aircraft flying at al 
titudes above 20,000 feet. 

For the first project, the laboratory set 
to work to find materials which would al 
leviate the excess sound in the airplane 
cabins. They tested many substances and 
finally hit on the fundamental idea that the 
important thing about an acoustical material 
for use in aircraft is that the area of the 
fibers which are in it should be large com- 
pared with their weight. Fiberglas, made 
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Progress in Acoustics 


from thousands of glass fibers which are 
only one micron in diameter, was used. ‘The 
glass fibers are coated with a plastic binder 
which holds them together in the form of 
a bronze-colored blanket which is 1/2 in. 
thick and weighs 1/20 Ib. per sq. ft. 

In sound treating an airplane an optimum 
method of installing the material was de 
veloped. This installation consisted of two 
1/2 inch blankets of the Fiberglas sewed 
on opposite sides of a sheet of asbestos 
paper, and the combination was mounted 
inside the plane about three inches away 
from the “fuselage skin” or walls. This 
method of reducing noise was highly suc 
cessful, and all long range military planes 
built after 1941 were so treated. 

One portion of the laboratory’s work de- 
manded the construction of a special room 
called an ‘“‘Anechoic Chamber,” derived 
from the Greek, meaning “without echo.” 
This room, shown at the left in photograph 
below, was built to simulate the atmos 
pheric conditions existing at one to three 
thousand feet above the earth. The walls 
are almost perfectly absorbing, that is, less 
than 1/1000 of the sound which strikes a 
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wall is reflected. This same situation exists 
above the earth where there are no build 
ings, walls or ground to reflect sound. ‘This 
chamber is windowless and is housed in 
a concrete building whose side walls ar 
one foot in thickness. The walls are lined 
with 20,000 wedge-shaped structures, 45 
in. long and 8 in. square at the base, mad¢ 
by sawing up Fiberglas boards into shape 
and putting muslin bags over the outsid 
The wedges, set snugly together and each 
turned at right angles to its neighbor, 
cover the walls, ceiling and floor. 

Still another unusual room (right) was 
built in which the intense roar of airplanc 
propellers was produced, using electroni 
devices connected with amplifiers and loud 
speakers. The noises which are heard in an air 
plane during flight could be faithfully repro 
duced. The walls of the room are lined with 
many sections of cylinders, each of a different 
diameter and running in a different dir¢ 
tion on each wall. A battery of loudspeakers 
produced the sounds, which were reflected 
randomly from the cylinders, thus produc 
ing an intense and diffuse sound field in 
the room. Microphones, amplifiers and 
headsets were tested in this intense noise 
field. All of these developments will be 
made available for non-military use. 
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RESEARCH NOTES 





The Southern Research Institute 


The Southern Research Institute was 
formed to provide in the South industrial 
facilities comparable with those available in 
ther regions. It represents the achievement 
of several years of planning by Southern 
business men who realized that there is 
1 close relationship between research and 
the economic status of any region. At the 
end of 1945, after less than one year’s active 
operation, over twenty Companies and trade 
issociations had sponsored projects in the 
Southern Research Institute, totalling more 
than $200,000. These projects have em- 
braced such subjects as peanut foods, 
tobacco, ink, essential oils, citrus by-prod 
ucts, cotton textiles, paper products, sleep 
equipment, marine gear, oil exploration, 
grav iron Castings, wood preserving, syn- 
thetic drugs, oleomargarine, soft drinks, 
dairv products, heating and ventilating equip 
ment, locomotive equipment, and steel pipe. 
While the majority of the sponsors repre 
sent Southern interests, other regions are 
represented in the list of sponsors. The ob 
jectives of these investigations include de- 
velopment of new products, improvement 
of present products, elimination of waste, 
finding of substitutes, improvement of qual- 
itv, and generally improving the competitive 
position of the sponsor. 

The broad purpose of the Southern Re- 

ich Institute is to provide scientific re 

irch facilities for such businesses as do 
not have specialized equipment or special- 
ized personnel of their own to undertake 
the solution of technological problems. It 
ilso expects to make these facilities available 
to those industries which, while having lab- 
oratories of their own, need specialized re- 

ich. 

he Institute at the present time is un- 
dertaking only sponsored research. On this 
basis, the sponsor sets forth the objectives 
f the undertaking and establishes a fund 
for its prosecution. The Institute assigns 
specialized personnel to these particular 
problems, and the sponsor pays to the In- 
stitute a sum of money to cover salaries, 
overhead, and other expenses necessary to 
carry out the research. The industry spon- 
soring the research project is kept informed 
is to the progress of the undertaking and is 
expected to cooperate with the Institute 
wherever possible in order to aid in the 
solution of the problem. Any discoveries 
or inventions resulting from the investiga- 
tion become the exclusive property of the 
sponsor and all patent rights are assigned 
to the sponsor. 

An association may also maintain research 
projects in the Institute. Such a program 
will render a research service for a number 
of concerns instead of an individual, and also 
can serve as a clearing house for information 
of benefit to the sustaining organization. 
One of the advantages of association research 
is that it enables small businesses who can 
not afford a research laboratory to profit 
tom scientific research in the same wav as 
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larger businesses. Also, unnecessary duplica 
tion is eliminated. This type of research 
is particularly adapted to those associations 
which have as their purpose the advance- 
ment of basic knowledge of the industry, 
their processes, and their products. 

The Institute is equipped to undertake 
work in the many fields of chemistry. ‘The 
present facilities include all types of instru- 
mentation such as equipment for micro-anal- 
vsis, spectro-chemical absorption methods, 
X-ray diffraction equipment, spectograph, 
molecular stills, fractionating columns, high 
pressure hydrogenation equipment and _ tex- 
tile testing equipment. In addition, a metal 
lurgical department with complete metal- 
lurgical equipment is being developed. 

An engineering research division has re 
cently been added. At the present time the 
engineering research division is being equip 
ped to undertake studies in equipment de- 
sign and analysis; performance testing of 
equipment; mechanism and operation stud 
ies utilizing high speed photographic equip 
ment, ocillographs, and stroboscopic equip 
ment; studies of experimental and analytical 
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nature involving pressure and force analysis 
in fields of applied mechanics, fluid mechan- 
ics and dynamics; temperature measure- 
ments and heat transfer studies in connection 
with equipment operation and_ building 
material development; development of spe 
cial instrumentation of both mechanical and 
electrical nature. 

At present, the Institute is housed in 
three buildings which have been adapted 
to fit current requirements. Plans are in 
progress for a modern seven story laboratory 
building on the Institute’s present grounds 
facing the site of the University of Alabama 
Medical College. 


Pressure Vessel Research Begun 


A comprehensive pressure vessel research 
program covering materials, design, fabrica 
tion, inspection and testing of unfired pres- 
sure vessels has been started by the Weld 
ing Research Council, which is sponsored 
by the American Welding Society, Ameri- 
can Society of Mechanical Engineers, Ameri 
can Institute of Electrical Engineers and 





Design Features of P-80 Revealed 
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RECORD TRANSCONTINENTAL FLIGHT of the 
Lockheed Shooting Star in a little over four 
hours revived interest in the P-80, first all- 
jet airplane. As reported in the September, 
1945 “Industry and Societies” section, the 
plane is powered by the I-40 G.E. jet en 
gine, which produces 4200 pounds of thrust 
for only 1820 pounds of weight. 

Top speed of the Shooting Star is rated 
by the army at more than 550 miles an 
hour. Its service ceiling is 45,000 feet. Con- 
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trary to conventional aircraft, the jet fighter 
operates at optimum fuel consumption at 
high speed. Its polished lacquer finish and 
streamlined fuselage are both designed to 
overcome shock waves encountered at speeds 
approaching that of sound. The P-80 has 
a wing span of 39 feet and an overall length 
of 34 feet 6 inches. The top of its rudder 
is 11 feet 4 inches from the ground. Total 
weight empty is 8,000 pounds. Photo- 
graph shows design details of the P-80. 
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MEETINGS 


Society of Automotive Engineers—German 
Engineering Evaluation Meeting, March 4, 
Horace H. Rackham Educational Memorial, 
Detroit, Mich.; National Aeronautic Mect- 
ing, April 3-5, Hotel New Yorker, N. Y. 


American Society of Mechanical Engineers 
—Spring meeting, April 1-3, Read House, 
Chattanooga, ‘Tenn. 


Society of the Plastics Industry—First na 
tional plastics exposition, April 22-27, Grand 
Central Palace, New York City; Pacific 
Coast Conference, March 26-27, Roosevelt 
Hotel, Hollywood, Calif. 


American Management Association—Pack- 
aging Exposition and Conference, April 2-5, 
Public Auditorium, Atlantic City, N. J. 


American Society of Tool Engineers—An 
nual Convention and Exposition, April 8-12, 
Public Auditorium, Cleveland, Ohio. 


American Association for the Advancement 
of Science—Annual Mecting, March 27-30. 
St. Louis, Mo. 


Chicago Technical Societies Council—Pro- 
duction Show and Annual Conference, 
March 20-22, Stevens Hotel, Chicago. 


Quality Control Societies—Midwest Quality 
Control Conference, March 5-6, LaSall« 
Hotel, Chicago. 


Electrochemical Society—Spring congress, 
April 11-13, Hotel Tutweiler, Birmingham, 
Ala. 





RECENTLY ELECTED 
SOCIETY OFFICERS 


> 


Society of Plastics Engineers, 205 Theatre 

Bldg., Birmingham, Mich. President—G. W. 

Clark, Owens Ill, Glass Co., Vice President 

—H. J. McGowan, Bakelite Corp.; Secretary 
‘T. E. Orr, Plastics Engineering Inc. 


Plastics Materials Manufacturers Association, 
Tower Bldg., Washington, D. C. President 
—W. Stuart Landes, Celanese Corp.; Vice 
President—John R. Hoover, B. F. Goodrich 
Co.; General Mgr.—Frank H. Carman; 
Secretary-Treasurer—John I. Walker. 


Steel Founders’ Society of America, 920 
Midland Building, Cleveland 15, Ohio. 
President—E D. Flinterman, Michigan Stcel 
Casting Co., Vice President—Newlin T. 
Booth, Deemer Stecl Casting Co. 


American Mathematical Society, Univ. of 
Pennsylvania, Philadelphia 4, Pa. President 


—T. H. Hildebrandt; Secretary—J. R. Kline. 





Directional loop antennas, part of 
set AN/GRD-I, mounted on the roof 
of a van for mobile work. 
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other engineering societies. This program 
has been initiated to answer the need for 
quantitative data by those engaged in pres- 
sure vessel design and construction to insure 
sound design and reasonable life. During 
the war, experimental work had fallen be- 
hind the increased use of both carbon and 
alloy steels in larger and more complex de 
signs of welded vessels used in process in 
dustries under increasingly severe service 
conditions. ‘The lack of factual information, 
has resulted in acknowledged over-conserva- 
tism in design and has hastened the sthat of 
the new research program. 

The chairman of the new Pressure Ves- 
scl Research Committee is Walter Samans, 
who is also chairman of the A.S.M.E. Boiler 
Code sub-committee on unfired pressure ves 
sels and the first meeting of the new com 
mittee was held on January 10, to sift those 
problems of greatest need, based on reports 
of defects developed in service, and to plan 
coordination of the new and current investi- 
gations with other committees. 


Patent Council Formed 


THe Nationa Patrenr Council, an or 
ganization of smaller manufacturers “‘to de- 
fend the United States patent system” was 
formed recently by 100 companies, according 
to an announcement made by John W. An 
derson, president, ‘he Anderson Co., Gary, 
Indiana. ‘The council will engage in a nation- 
wide program to develop a better under 
standing of the patent system as an in- 
dispensable part of American economy. 


Headquarters will be at Gary, Ind. 


Electronic Weather Detector 
Forecasts For Wide Area 


A WEATHER DETECTOR which can spot a 
thunderstorm at a dependable range of 
2,000 miles, and with accuracy within 2 
degrees, was revealed by the War Depart- 





ment as another gadget of the electronic 
family which helped to win the war. 

Lifting security restrictions, Maj. Gen 
Harry O. Ingles, Chief Signal Officer of th« 
Armny, said that development of the “‘static 
direction finder” had uncovered a body of 
new factors and principles in weather fore 
casting and thus created a new field of 
meteorology, ““Spherics’’—obtained by trim- 
ming down “atmospherics” —and is the name 
of this new brand of weather prediction. A 
spherics network covering the Western North 
Atlantic began to function on June 23, 1944. 

The distant, dependable range of the 
new detectors is regarded as significant in 
increasing the accuracy of forecasting 
throughout the world, for a few well placed 
spherics stations can now do what man 
previously had to do on an ‘on-the-spot’ 
basis. The War Department regards the 
stations as especially important in covering 
oceans and in polar regions, where mainte 
nance of weather stations is difficult. 

When the spherics detectors first went 
into use it was necessary to verify their ac 
curacy in forecasting mid-Atlantic weather. 
So the north Atlantic was covered for sey 
eral months by two B-17 bombers fitted 
with weather equipment and manned bi 
crews specially trained. In periodic flights 
they recorded all meteorological phenomena 
at fifteen-minute intervals. 

\fter fifty flights, 81 per cent of 
spheric data was verified. 

The detectors are based on a design dé 
veloped by physicists of the University of 
Florida which operated under a_ Signal 
Corps contract in the weather program. 

Weather, if it gets only slightly unpleas 
int, or boils into a rage of wind and sleet. 
develops static electricity and that is wher 
the electronics detector comes in. It 
equipped with a cathode-ray oscilloscope 
which reacts to the static impulses and 
makes them visual. 

Directional antenna are used with the 
detector, so that the compass direction of 
a weather disturbance may be read off the 


Signal Corps Photo 


Propuct ENncInrertnc — Marcu, 1946 








a 


ory go 





1946 








calibrated face of the oscilloscope. With 
the direction known in relation to two or 
more network stations, a thunderstorm, 
cloud mass, or rainfall, can be plotted on a 
map by means of triangulation. 


New Wire Communication Coil 


AN IMPROVED TYPE of loading coil for use 
in telephone circuits with rubber-covered 
field wire and long-range tactical wire has 
been developed for the Army Signal Corps. 
The new coil gives better intelligibility of 
the transmitted speech and better water- 
seal characteristics than the coil which it 


will supplant. Designated as Loading Coil 
C-426, the new appliance is a 44-millihenry 
coil housed in a weatherproof case. 

The unit weighs approximately 14 
pounds. When installed at one-mile inter- 
vals, in field wire, it boosts the voice fre- 
quency transmission range under wet 
weather conditions, from 11.7 miles to 19.3 
miles. When installed at %-mile intervals 
in long-range tactical wire the voice fre 
quency range is increased from 23 to $1.6 
miles. It also serves as a connector between 
two adjacent lengths of wire and _ provides 
convenient access terminals for line testing. 
The coil was developed by the Western 
Electric Company. 





DISCUSSIONS AND COMMENTS FROM READERS 





Needs Casting Sealant 
That Will Not Injure Plating 


To the Editor: 

I was very interested in your September 
1945 issue, particularly the article, ‘“Ac- 
ceptance Specification for Repaired New 
Castings,” and would like some specialized 
information if it is available. 

I am using a soft grey iron casting which 
is required to be machined, polished, nickel- 
and-chrome-plated, and in use is subject to 
temperatures up to 1100 deg. F., with no 
great stress on any part. Quite a number 
of castings have to be rejected because of 
blow-holes, gas holes, or sand in the pol- 
ished faces. These holes often do not show 
up until considerable machining or buffing 
has been done, and this, of course, results in 
a certain labor loss. 

If it were possible to repair these castings 
with a synthetic material which would not 
blister the plating under heat it would give 
me a substantial saving; I would really appre- 
ciate any advice you can offer. 

—R. W. Marcerts 
Vaicouver, B. C. 


Terminology of Non-Blueprint 
Copying of Drawings Discussed 


To the Editor: 

We have read with interest the article by 
Mr. James FE. Thompson, entitled ‘Con- 
trol of Drawings and Prints in Engineering 
Depratment Operation” appearing in the 
October issue of Propucr ENGINEERING. 
We feel an article of this type will have a 
great deal of influence on many readers and 
prospective purchasers and for that reason 
should be as unbiased as possible. 

Reference is made to the “Whiteprint 
Process and Whiteprint Machines,” whereas 
a more generic term could have been used 
such as “Direct Printing Process or Direct 
Printing Machines.” Oczalid’s trade name 
for their prints is “Whiteprints”, which 
might lead the uninitiated to think that 
Whiteprints could only be produced by ma- 
chines bearing a similar name. 
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Another instance that might create the 
wrong impression is found on page 680, 
column 2, last paragraph. In the following 
statement “The duplicate tracing, which 
can be Vandyke, Ozalid transparent or 
phototracing, etc.”, the two words “Van 
dyke” and “phototracing” are generic terms 
and are correct, but here again Oczalid’s 
trade name “Ozalid transparent” is used, 
where we think the term “direct process 
transparent” could have been used. Bruning 
BW Foil and Bruning BW Transparent are 
products that were designed for the very 
purpose mentioned in the article. 

Again on page 680, column 2, center of 
paragraph 2, the statement beginning with 
“Whiteprint machines do not ordinarily, 
etc., etc.”, is also misleading. The Bruning 
Company has a Model Printer-Developed 
designed specifically for this purpose. The 
impression created by parts of this article 
infer that only one concern can furnish some 
of the materials mentioned, whereas there 
are others including ourselves. 

This article is very apt to invite in 
quiries and believing the attitude of Prop- 
ucT ENGIEERING is one of impartiality, we 
wish to establish the fact that all products 
and equipment mentioned in this article are 
available through more than one source. 

—R. E. Becker 
Advertising Manager 
Charles Bruning Company, Inc. 


To the Editor: 

I regret that Mr. Becker of Charles Brun- 
ing Company finds it necessary to take ex- 
ception to statements made in my article 
appearing in the October 1945 issue of 
Propuct ENGINEERING. It appears that the 
principal objection is to my usage of 
“whiteprint” as a generic term for all draw- 
ing printing processes differing from blue- 
print method. I find that I owe the Brun- 
ing company an apology for incorrect usage 
of this term, although I find that Mr. Beck- 
er’s suggestion of using “Direct Printing 
Process” is not entirely correct. After con- 
siderable searching for a generic term to 
describe the drawing reproductions that I 
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have always considered as “whiteprints,” I 
find that the only authoritative terminology 
appears in Army-Navy Aeronautical Specifi 
cation AN-D-11, “Reproducible and other 
copies of drawings and data lists.” ‘This spe 
cification terms the type of reproduction in 
question as a “direct-line print,” and un 
doubtedlv this is the term that should have 
been used in my article. 

My use of the term “QOzalid transparent”’ 
in reference to types of duplicate tracings 
was unfortunate, as it now appears that “di 
rect-line transparent’’ would have been 
proper. However, it was thought at the time 
that the “etc.” concluding my brief listing 
would indicate the existence of other satis 
factory means of preparing duplicate trac 
ings. 

Mr. Becker also objects to my statement 
that “Whiteprint machines, on the other 
hand, do not ordinarily have a precise feed 
ing mechanism.” I do not feel that I am in 
error in this case, for the information given 
in my article is a simple statement of fact. 
The significance of my statement is not that 
direct-line printers with precise feeding 
mechanism are unavailable, but rather that 
a majority of such machines do not have this 
design feature. I believe that this is sub 
stantiated by Mr. Becker’s letter, which | 
interpret as indicating that of the several 
direct-line printers manufactured by the 
Bruning organization, only one is designed 
spefically for continuous feeding of long 
drawings. —James E. ‘THOMPSON 


Wants Explanation of 
Tumble-Painting Process 


To the Editor: 

Perhaps you can help us solve a little 
problem that has cropped up. 

We have a large quantity of small wooden 
knobs which we wish to have painted with 
a bright lacquer. Since we are not equipped 
to spray paint, we thought of tumble paint- 
ing the wooden knobs in a rotating barrel. 

We would be greatly obliged if you 
would explain this process to us. 

—H & S Propvucrs 
Montreal 4, Quebec 


Correction in December 
Reference Book Sheet 


To the Editor: 

Let me call to your attention an error 
in the table accompanying my chart on 
page 892 of the December Product Engi- 
neering. The number 4 should be 0.4 in 
the value of c, which should read c = 
(r+ 1) / (rt — 04) 

This is the author’s approximation for 
the Wahl factor, which is quite close for 
the limits given. 

Also, the word “left” in the first line of 
the second paragraph is incorrect. It should 
read “Beginning at the upper right and 
. . .” I would appreciate your publishing 
this correction. —Cart P. Nacnop 


Nachod and U. S. Signal Co., Inc. 








Handling Drawing Changes 
To Assure Promptness and Accuracy 


JAMES E. THOMPSON 


Senior Industrial Engineer, Parkhurst & Company 


Regardless of the reason for making the change, the request for an initiation of the 
revision and its execution must be put through in an orderly manner, as described in 
the text and the accompanying flow charts and drawing-change forms. The author lists 
in tabular form eight classes of drawing changes and explains how each is handled. 


DRAWING CHANGES are undesirable, 
but unavoidable. It is impossible to foresee 
all the conditions that will be encountered 
during the manufacture of a product and 
therefore changes may be necessary during 
fabrication and assembly to reduce cost, 
facilitate production or simply manufacture. 
Also, changes may be required to correct en- 
gineering errors, or rectify unsatisfactory 
operating conditions experienced by custom- 
ers. Articles manufactured on contract may 
require drawing revisions to meet changes in 
the customer’s requirements. 

In planning the operation of an engincer- 
ing department it must be considered that 
simple designs may require relatively few 
engineers assigned to drawing changes but 
complex equipment will require a_ larger 
percent of the engineering personnel as 
signed to making drawing revisions. One 
leading manufacture of four-engine bomber 
aircraft, with an engineering department of 
approximately 1,800 employees, found that 
136 persons were required to handle the 
average of 350 drawing changes that were 
necessary during each week of the model’s 
production. 

Another prominent aircraft manufacturer 
estimates that the time expended upon 
drawing changes, after production begins, 
will approximately equal the engineering 
time required to complete the original de- 
sign. A surprising number of changes are 
also necessary during the transition from 
an experimental prototype into a production 
design. A twin-engine night-fighter airplane 
produced by a western manufacturer had a 
total of 4,857 drawings, in which 4,727 
drawing changes and 3,787 advance drawing 
changes were made during its production en 
gineering phase. (The purpose and use of 
advance drawing changes is explained in an 
article, “Advance Engineering Information” 
published in January Propuct ENGINEER- 
ING. ) 

Because drawing changes are a normal 
engineering department operation, it is neces- 
sary to establish an orderly method of mak 
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ing and recording revisions. Drawing re 
vision methods are primarily concerned with: 
(1) drawing change request procedure; and 
(2) drawing change system. The first in- 
cludes establishing a method that insures 
prompt action on all changes requested by 
other departments. The second requires a 
logical, efficient method of preparing and 
identifying drawing revisions. 


Drawing Change Requests 


Drawing change requests may originate 
with the customer, sub-contractors or other 
departments of the company. Revisions de- 
sired by the customer are usually requested 
through the sales or contract departments, 
either by correspondence or by special pro- 
cedure established by the customer. 

The originator of a drawing change re- 
quest prepares either 4 or 5 copies as indi- 
cated on the flow chart, Fig. 1. All drawing 
change requests no matter whether they origi 
nate within the engineering department, 
other departments of the company or from 
sub-contractors are made on the same 
Drawing Change Request form, Fig. 2, 
which is referred to as a Change Request or 
CR form. 

A Change Request may originate in any 
department, but it does not have official 
recognition until delivered to the engincer- 
ing release-group for recording and engi- 
neering investigation. The CR form is pre- 
pared as an original and three carbon copies, 
except that CRs to be forwarded to another 
division are prepared as an original and four 
copies. ‘The original and all copies except 
the last are routed as shown in Fig. 1. The 
last copy is retained by the person origi- 
nating the request. 

A CR originating in a manufacturing de- 
partment is signed by the person requesting 
the change, endorsed by the originator’s im- 
mediate superior, and then routed to the 
inspection department for approval. If ap- 
proved by the inspection department, all for- 
warding copies of the CR are routed to 


manufacturing planning. If rejected, a state 
ment of the reason for the rejection is placed 
on the back of all copies, followed by rout 
ing to manufacturing planning. Planning 
will either approve and forward to engineer 
ing release, or reject and forward with a 
statement of the reason for rejection. This 
procedure provides engineering with the 
viewpoints of inspection and manufacturing 
planning, and makes sure that all requests 
originating in the manufacturing depart- 
ments reach the engineering department. 

Change Requests are used within the en- 
gineering department when one design group 
desires changes upon a drawing within the 
control of another design group. Liaison 
engineers use this form to request changes 
to facilitate production, investigate enginect 
ing errors, and the like. The request 
prepared by the person desiring the change, 
endorsed by the originator’s immediate 
supervisor, and then forwarded to enginect 
ing release-group for routing. Some enginec! 
ing departments, route all change requests 
through engineering planning, to assist that 
activity in maintaining control over work 
assignments. Engineering release-group upon 
receipt of a CR, detaches the third copy, and 
files this in an “incomplete CR file” as a 
record of its receipt and subsequent routing. 
The remaining copies are routed to the 
proper group leaders after suitable notations 
of date and names have been entered on the 
release file-copy. The remaining copies, one 
and two, are returned to release-group for 
distribution after an investigation by the en- 
gineering department is completed. The 
original copy is returned to the originator ot 
the CR, and the second copy is sent to the 
group leader. Suitable entries on the Release 
file-copy indicate the date of this distribu- 
tion. All approved change requests are 
posted on the Drawing Status Record (see 
Propuct ENGINEERING for July 1945, pages 
465-470) card or cards affected, and the 
Release file-copy is placed in an “approved 
CR file.” Disapproved CRs are filed in an 
“obsolete CR file.” 
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Fig. | — Flow chart showing the number of copies that 
should be made of a drawing-change request, to whom 
copies are submitted for approval (or rejection) and final 


distribution, Fig. 2 — Typical drawing-change request. 
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I'he group leader determines the action to 
taken upon the CR through consultation 


with the project engineer who will be affected 


the change request. Final engineering 
ipproval or rejection is entered in the 
‘Engr. Action 


+ 


the signatures of both the 


block, Fig. 2, which bears 
group leader and 
the project engineer. 

If the Change Request is rejected, it is 
“Reject’’ square, 
Fig. 2, and note the reason for the rejection 
provided. If approved, the 
“Approve” is checked, and 
action to be taken is indicated on one 
of the three lines below it. If an Advance 
Drawing Change, ADC, is being issued, its 
number is listed. When a Stop Order is 
issued, its number is listed. If neither an 
ADC or Stop Order is being issued and the 

iest will be handled by a drawing change, 
then the estimated date of the change is 
noted on the line provided. When a 
change-group exists, it is necessary to indi 
cate whether the change will be made by 
that group or by the design-group affected. 
Only one of the three lines on the CR 
form for the action on approved change 
requests is used. 

Regardless of the final action, the CR 
must bear the signature of both the project 
engineer and the group leader affected, be 
fore final distribution. An approved Change 


only necessary to check the 


+ 


In the Space 
square marked 
+} 


y + 
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Request covered either by an ADC or by a 
Stop Order should not be distributed until 
the latter document is actually released. ‘The 
coordination required to effect simultaneous 
release of an approved CR and the relevant 
advance engineering information is a re- 
sponsibility of the release-group. 

Records of the issuance, approval or re- 
jection, and incorporation of Change Re- 
quests are maintained by the engineering 
release-group. An “incomplete” file contains 
all requests upon which action is pending, 
and an “approved” file contains a copy of 
each authorized request. A copy of each 
rejected change request is placed in an 
“obsolete” file. 


Drawing Changes 


A clearly defined procedure for handling 
drawing changes is necessary to insure ef- 
ficient, accurate revisions. The method to 
be described for processing drawing changes 
is used by many engineering departments. 
Briefly the method comprises the following 
tasks: 

1. Group leader assigns job to draftsman. 

Draftsman obtains affected drawing 
from engineering files, and checks with re 
lease-group to obtain a list of all unincorpo- 
rated ADCs and Change Requests. 

Draftsman ascertains if change will 


iffect interchangeability. Changes that affect 
interchangeability require special handling. 

4. Required revisions are made, including 
incorporation of all outstanding ADCs and 
CRs, in addition to changes requested by 
the group leader and approved by the proj 
ect engineer. A change letter is assigned to 
identify the revision. 

Change is recorded in the drawing title 

block. 

6. A “Notice of Change” 
describing the change. 
7. The drawing, Notice-of-Change, copies 
of all ADCs and CRs incorporated, and 
other reference data are returned to the 


is prepared, 


group leader. 
The group leader inspects the change, 
and signs the Notice-of-Change if the work 


is approved. Group leader then writes a 


“Release Request’”’ covering the drawing 
affected, and forwards request and drawing 


with all reference data to release-group. 

9. Release places drawing in release system 
for checking and approval. 

10. Draftsman makes required checker’s 
corrections. 

11. Corrected and approved drawing is 
released, and prints distributed. 

When a change is made that affects inter- 
changeability, two drawings of the part are 
required—one of the part in its initial form, 
and one of the re-designed part. Both draw- 
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ings must remain active to permit ordering 
Service 
data notes are placed on each drawing to 
indicate the serial numbers and models to 


and manufacture of Spare parts. 


which it applies and to give a cross-reference 
[hese notes 
are placed to the left of the drawing title- 
block, except that “A” size (84x11 in.) 
drawings carry the note above the title. 


to the other drawing number. 


ach successive drawing change is identi- 
fied by a letter, beginning with A for the 
first change and continuing in alphabetical 
order, except that the letters I, O, Q, R and 
X, are not used. Each change on the draw- 
ing is identified by a symbol comprising the 
change letter circumscribed by a 5/16 in. 
diameter circle, placed adjacent to the 
affected portion of the drawing. When more 
than one item is changed, sub-numerals, for 
example, A,, A,, Aj, are added to the change 
letter to identify each item. Some engineer 
ing departments identify drawing changes 
by numerals, rather than letters although the 
majority prefer the letter system. 

The change letter, with the highest sub- 
numera! of the change, is entered in the 
drawing title-block revision record. The date 
of the change and the name of the drafts 
man are entered in columns provided fot 
these data. The government representative 
usually signs in the “approval” column when 
the drawing relates to government contracts. 

The use of a Notice-of-Change, Fig. 3, 
eliminates the need for describing the change 


in the title block revision space which 


ordinarily does not provide sufficient area to 
describe the revision adequately. The same 
deficiency is usually present even in cases 
where the drawing revision space is separate 
from the title block. Some companies use 
a drawing title-block that provides only for 
listing the change letter, date and signature. 
he Notice-of-Change accompanying a 
changed drawing must be carefully prepared. 
Its purpose is to indicate what change has 
been made, which ADCs and CRs are in- 
corporated in the change, what is to be 
done with the stock (in work or stores) of 
existing parts, and when the change becomes 
effective. It also provides a clear record of 
how drawing appeared prior to change. 
Many changes become effective during a 
project with the result that some parts must 
be fabricated according to the drawing prior 
to the change, and others according to the 
drawing as changed. Thus the drawing and 
the attached Notice-of-Change should clear] 
sect forth complete information for both old 
and new parts. The complexities of mass 
production require that the Notice-of-Change 
accompanying a revised drawing provides a 
variety of information to guide the manufac 
turing planning department in applying the 
change. The information required makes 
impractical the use of the revision space in 
the title-block. Use of a separate Notice-of 
Change is advisable for all production draw- 
ings. The Notice-of-Change Fig. 3 is an 
54x11 in. form printed on tracing paper. 
When extensive revisions are made to a 


large drawing it may be found that several 
pages are required for an adequate Notice- 
of-Change. Changes of this nature become 
so complicated that manufacturing planning 
usually prefers to process the change as 
though it were a new drawing, rather than 
attempting to correct the records for each 
changed item individually. Further, the 
printing and distribution of long Notice-of- 
Change is costly, and serves little useful 
purpose. It is wise to limit Notices-of 
Change to six pages. 

When more than six pages will be re- 
quired for the complete Notice-of-Change, 
two separate notices can be prepared, each 
bearing the same change letter. One is 
complete, listing every changed item, and is 
prepared only for record purposes. The sec 
ond notice is distributed with copies of th« 
changed drawing. It does not list the 
changed items, but simply bears the state 
ment “Drawing Completely Revised.” Both 
notices accompany the drawing through the 
release system, but the complete notice is 
detached bv release-group after the drawing 
completes the svstem. It is forwarded to 
engineering files. ‘The single-page notice 
accompanies the drawing to the blueprint 
unit for preparation of copies for distribu 
tion with the drawing prints. The complete 
notice is always available for reference, and 
the wasteful distribution of an extensive 
Notice-of-Change is avoided. 

Ihe current Notice-of-Change is blue- 
printed adjacent to the right-side edge of the 




































































Dwa.No. 70-3/03/_ Contract No. MAS /O5F 
mpereny NOTICE OF CHANGE a 
Model YZ -P Job No. 70-/23/ _ 
Date 9/ 7/AF sthie 2 nt 7 
» LONGERON & FITTING ASSEM & -FUSELAGE MONOCOQUE 
— Zone Kind of Change Detail Description of Change Effective on Authority for Change — "Se > 
/ REVISE AND SEPARATE DETAILS MADE FOR LONGERON 7078&SU8 CR-76 USE 
REDRAWN - ASSEM & FITTING ASSEM. 
SAME NO. 
; ; USE 
z CHG PART NO 70 -3/0/17 WAS -2 7078 SUB ENGR USE 
70 -3/0/7 -] WAS ~3 707& SUB ENGR USE 
CHG PART NO. 70-3/10/6 WAS -4&a-5 7O7& SUB ADC -273/ USE 
4. REMOVE PART NO\ /S27O0P36-0O/28 REMOVED & CALLED OUT 707& SUB ADC -273/ USE 
ON 70 -3/0/6 : 
5S REMOVED DIM MFG DIMENSIONS REMOVED & SHOWN 707 & SUB ENGR ¥ USE 
ON 70-3/017 & 70-3/0/6 _ 
6 REMOVED NOTE NOTES REMOVED & SHOWN ON 70-3/017 707 & SUB ENGR USE 
a & 70-31016 ; 
a EEE i i 
EER 
REASON FOR CHANGE: / THRY 6 Fa FAC/LI TATE PROOUCT/ON BY SEPARATE _ dt Affects Dash Numbers 
DWGS FOR WOOD & METAL PARTS -2. 33. -4.48-5. “¢ 
_ SHOP H.ADAMS W/1/43\ W.JONES — 10/543\AL£. THOMPSON 10/5/43| Ww. HALE tlGHas M. ROBERTS 
Requested By Dete Group Leader ate Stress Date Project Eng 5 | Date Gov't Approval» | Date Blueprint ae Date 
E.C.WISEMAN S303, BRAVERMAN 10/4J4R R.HARVEY NO/S/43 —— - | RO. RAY he Yas -- - 
Changed By Date : Checked By Dete Weights ie Dete ‘eke _— Dete eo ‘ies. 4 Dete ; ee m 242.6 a 








Fig. 3—A Notice-of-Change furnishes complete information about drawing changes and revisions to 
keep not only the users of the drawing up-to-date but also to provide adequate records of the changes. 
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ne Table I—Guide for Classifying and Making Drawing Changes 








os Class Title of Change Instructions Remat i: 





1 AIIV ADS COE CREMINEGE,, «= kK cnids aon scale SAAWRUwC ROAM WR RN AW ae oOG caaeRnee Changes requiring immediate action 
can be economically and rapidly made 
he by use of an ADC. 


of 2 DETAIL CHANGE Place date, name and change letter in the title-block Write Notice-of-Change, assign change 
ful All changes involving revisions and addi- space. letter and list changes. 
of tions without re-drawing. 
3 VOID No Notice-of-Change required. Group supervisor Check next assembly and remove re- 
Te- Drawings that have not been released. writes “VOID” on margin of drawing below title quirements for part. Notify numbers 
ge, block, with date and signature — draws two red_ clerk 
ach lines through number, and forwards to files for 
a storing with obsolete tracings. 
1 is 4 CANCELLED — NO LONGER USED Write Notice-of-Change giving reason for discon- Must not affect interchangeability. 
sec Drawings which have been released and _ tinuing part, and listing as cancelled all ADCs and Give detailed explanation. Remove 
th which are no longer required. CRs against the drawing. Place change letter in part from next assembly with change 
title and cross out with a neat “X”, that leaves or ADC. Notify numbers clerk. 
the the letter legible. Draw two red lines through dwg. 
ate no. in title block and write “ CANCELLED ” below 
oth number, with date and signature. 
the 5 SUPERSEDED Old drawing remains active with service data note Applies to changes involving inter- 
€ 1s Drawings which have been released and added to dwg. Notice-of-Change required. changeability. Notify numbers clerk. 
ving later replaced by a non-interchangeable New drawing service-data note is also required. 
1 to part. 
tice 6 *REDRAWN — SAME NO. Old drawing requires no Notice- of- Change, but Does not affect interchangeability. 
yrint YO CHANGE change letter in block, and notation in ‘‘ Change” 
“~ space. Cross out change letter and dwg. no. as with 
Class 4 change. Write “ REDRAWN — SAME 
plete NO. — NO CHANGE” below number, with date 
and and signature. 
AsiVe For new drawing write Notice-of-Change, and note 
change in size, if any. Same change letter is used 
lu on both old and new drawings. 
e- 
f the *REDRAWN — SAME NO. No Notice-of-Change required on old drawings. 


If next assembly is affected, correct by 
drawing change or ADC, 


WITH CHANGES Cross out change letter and dwg. no. as in Class 4 
change. Write “ REDRAWN—SAME NO. — 
WITH CHANGES ” below number, with date and 
and signature. 

Same procedure for new drawings as outlined in 
Class 6. 


_ 





8 TO REINST 
LI 


ATE A VOIDED OR 
CANCELLEI 


Assign next change letter. W rite Notice-of-Change, 
Y DRAWING 


stating ““REINSTATED” and explain reason. 
Remove red lines from dwg. no., and cancellation 
note below number. 


Same as Class 7. Notify numbers clerk. 
Additional change items may be listed 
on the “reinstating” Notice-of-Change. 





* Notes on Redrawing. 
(a) Copy (do not imitate 
(h 


(c 


all signatures, lettering them exactly as they appear on the old drawing. 

Do not copy previous change letters either on the face of the drawing or in the change block. 

Indicate the new changes, forming the revision being made, in the conventional manner, and list them in the Notice-of-Change 
(d) Always note full name for signature (not initials). 





drawing so that a copy thereof accompanies 
each print. This method eliminates all pos- 
sibility of the notice detached 
from the print. Use of staples, or other 
mechanical means, of attaching the notice to 


the drawing can carry the 
general note, 


information as a 
adjacent to the title-block. the tendency 

All drawing changes can be grouped into as a 
eight classes, and simple rules can be stated 
to guide the making of the changes in each 


his work. The condition is aggravated by 
to consider the change 
center, 
experienced draftsmen. 


Duplication of effort is frequently ex 


group 


becoming and staff it with in- 


training 


prints should be discouraged. class. The classes and instructions on mak-  perienced when a separate change group 
(he current Notice-of-Change should be ing the changes are given in Table I. The — exists; resulting from the design group 
filed with the drawing at all times. Obsolete statements appearing in capital letters should 


leader making design changes just before or 
immediately after a routine incorporation of 
Notices-of-Change as they provide simple, ADCs and CRs by the change groups. Both 
positive identification about the change. could have been achieved by 
Some engineering departments have estab Ihe logical 
- placed by another. One of the following lished change groups for the purpose of re- 
’ notes should appear on it: 
. “CANcELLED—REPLACED BY (XXXXX)” 
rt “CanceLLED—Not REPLACED” 


notices are stored by drawing number in the _ be 
engineering files. A Notice-of-Change writ- 
ten to cancel a drawing should always state 
Whether or not the cancelled drawing is re- 


used verbatim on drawings and on 


a single change. 
drawn from ex 
perience with many change groups is that 
more efficient utilization of personnel can be 
had from placing junior draftsmen in each 


conclusion 


lieving design groups of the burden of 


routine changes. This arrangement has not 
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been altogether satisfactory. The resultant 


design group for the express purpose of 


New drawings that replace existing draw- decentralization of drawing control often making routine changes. They can be placed 
ings should carry the note “Repiaces (old introduces drawing errors that will not occur under the direct supervision of a senior drafts 
dwg no.).” A space is provided usually in when the design group-leader retains com- man, who then acts in the capacity of the 
the title block for this purpose. Otherwise, plete control over all drawings relating to responsible assistant group leader. 

1946 


229 








Graphical Method for Analyzing 
Hydraulic Pump and Motor Data 


O. E. TEICHMANN 


Armour Research Foundation 


Method for constructing efficiency curves of a hydraulic motor or pump of the rotary 


positive displacement or rotary piston type from straight-line torque-speed and dis- 


charge-speed characteristics. Method shows how slippage and viscous torque loss must 


be balanced to obtain maximum efficiency for specified operating conditions. 
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Fig. |—Arrangement of equipment for obtaining discharge-speed and torque-speed characteristic data. 


THIS METHOD for graphically 
mining volumetric efficiency, torque efh 
ciency and maximum total efficiency of 
rotary positive pumps and motors of the 


deter- 


gear, vane and rotary piston types, is based 
on experimental data obtained in labora 
tory tests. These data are the discharge 
speed and the torque-speed characteristics 
as determined for a specified working pres 
sure and viscosity of liquid. 


\ typical laboratory arrangement is shown 
in Fig. 1 for obtaining the date necessary 
for the analysis. If the unit under test is 
1 hydraulic motor, it is connected hydraul 
ically to a source of liquid flowing under 
pressure, and mechanically to a cradled elec- 
tric dynamometer that absorbs the power 
output of the hydraulic motor. While the 
motor is running, a constant pressure dif 


ference between the intake and discharge 


23() 


port is maintained and the viscosity of the 
liquid is kept constant by maintaining a 
constant temperature. Different torque loads 
are adjusted by corresponding settings of the 
electrical controls of the dynamometer 
(variation of field and armature current 
and the speed of the motor changes accord 
ingly. Speed, discharge and torque output 
for a constant pressure and viscosity ar 
measured. 


The set-up for testing a pump is similai 
and the test procedure is analogous. Thc 
cradled dynamometer is operated as an 
electric motor and the torque reading on 
the cradle indicates the torque input of 
the pump. Running the pump at different 
speeds against a constant pressure head 
necessitates making corresponding changes 
input of the pump, this 
change is accomplished by adjusting the ele« 


of the torque 


trical controls of the driving dynamomet 


Volumetric and torque efficiencies are 


termined from the discharge-speed and t 
torque-speed curves. For this purpose, th 
fore, the theoretical discharge and _ to! 
The theoretical disch 


must be known 
is the discharge that would occur if t 


Practically 5] 


were no slip or leakage 


ing, it is the discharge of a hydraulic 
when the pressure difference between 
take and discharge port is kept as clo 
zero as possible. The theoretical torqu 
a certain pressure can be calculated 
the design data of the unit or it 
found from the energy relation: 
Where 


O, = theoretical discharge, cu. ft. pet 
P = pressure, lb. per sq. ft. 

T,, = theoretical torque, ft. Ib. 

V = speed, r.p.m 


O,P =2x 7 
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The volumetric and torque efficiencies 
can be calculated from the theoretical dis- 
charge O, and torque T,. However, where 
the discharge-speed and the torque-speed 
curves are straight lines, or can be considered 
as such in a first approximation, a geo- 
metrical method that offers distinct advan- 
tages can be used. 


Votumetric Erriciency. For all positive 
displacement units the theoretical discharge 
QO, is the product of the speed and a factor 
of proportionality D representing the dis- 
charge per revolution, called the displace- 
ment D. 

0=DN 

Geometrically O, is represented by a 
straight line through the origin as shown 
in Fig. 2. The actual discharge is greater 
than the theoretical discharge for the motor 
and smaller for the pump. The difference 
between the actual and the theoretical dis- 
charge, the leakage or the slip S, depends 
upon the clearances in the unit, the pres- 
sure and the viscosity of the liquid, and to 
a less degree upon the speed. In the ma- 
jority of designs, the slip varies so little 
with speed that for a certain constant pres- 
sure and viscosity the actual discharge line 


becomes parallel to the theoretical discharge 
line. 

From the graph of Fig. 2 the curve of the 
volumetric efficiency versus speed for the 
motor, Fig. 3, can be constructed. 


VOLUMETRIC EFFICIENCY CURVE FOR THE 
Hyprautic Motor. The actual discharge 
curve, when extended, intersects the speed 
axis to the left of the origin (Point IV, Fig. 
2). If this intercept is called n, and if the 
positive part of the speed axis is divided into 
m multiples of n,, the volmetric efficiency 
E,, at the speed N equal to mn, is given by 


m 
E, = 


m+ 1 

At the speed N equals n,, E, is 1/2 or 50 
percent. At the speed N equals 4n,, E, is 
4/5 or 80 percent. Using the similar tri- 
angles of Fig. 2 these relations can be 
proved by simple geometrical considerations. 
With this method of calculation, as shown 
in Fig. 3, the curve can be drawn quite 
readily. 


VOLUMETRIC EFFICIENCY CURVE FOR THE 
Pump. First, following the same procedure 
as for the motor, drawn as shown in Fig. 4 
the discharge-speed characteristic of the 


pump with pressure constant. Then the 
volumetric efficiency E 
any speed N is 


» for the pump at 


' N, 

E,=1-- nN 
Since V = m™ No 

E,=1- LW 
or l-—- £,= a - 


m 


The left-hand member of the preceding 
equation represents the percentage of loss, 
therefore, in constructing volumetric efh- 
ciency curve of the pump, Fig. 5 is plotted 
downward from the line representing a vol- 
umetric efficiency of 100 percent. 


E, = Owhen m =1lor N=12, 

At the speed where the theoretical dis- 
placement is equal to the slip, the discharge 
is zero and, therefore, E, is zero. The E. 
curve is readily plotted using calculated 
values of one minus I 
N. Thus where 

N 

N 


for different speeds 


2 or 50 percent 
3 or 33.3 percent 


I 
l 


I il 


2n.,1— FE 
3no 1 — E, 


i i 


Torove Erriciency. In all designs where 
the torque speed curves are of the type 


































| | | 


| 1 le ON LN _N- 

| Y DNtS N43 Néng 

, |  |tF N=mx«n, | 

4 wk 
~~} \Ey = Tar 

| | | | | Po 








Q h 
A 
Pd € 100 
: uo | 
it '2 e | | 
© Actual _ S Slip & 80 | 
D cischarge oe — > | 
2 © 60}+— 
. : 3 | 
5 \ Q.=DN rs | 
oo a Theoretical ., i 40-/-;—- 
P discharge : 9 | 
ri Q; : 5 20 = 
sie. 2, i 
Pa ; ana=D= = i Speed N E | | 
IV . I Xe) | 
| ° “ m=0 1 z 
FIG.2 








FIG.3 








Figs. 2 and 3—Discharge-speed characteristic and volumetric efficiency for motor with pressure constant. 
































Q | 
| , 
| 100 
| 4 
| © oO 
| : 

Vv 

+ et 
} " wv 
| OQ v = 
Actual Oo =e 
discharge e 
| , 3 
Sonill $ 

oO IV I Speed N 

kre | 
ees ceases oes ececec one N - oeecen- o 
FIG. 4 FIG.5 











N«9*n, 








Figs. 4 and 5—Discharge-speed characteristic and volumetric efficiency of pump with pressure constant. 
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Torque Efficiency, Percent 
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Fig. 6—Torque-speed characteristic of motor with pressure constant. 
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Fig. 7—Torque-speed characteristic of pump with pressure constant. 
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shown in Figs. 6 and 7, and where 


T = actual torque at speed N 

= theoretical torque 

T, = torque required to overcome viscous 
friction 

T. = torque required to overcome solid 

body friction 

intercept of torque-speed line with the 

speed axis 

m, = intercept of torque-speed line with the 
line representing a torque efficiency of 
100 percent. 


> 
= 
ll 


the torque efficiency for a motor is 











pa Toate le Te Ne N 
‘ole . i = Not me 
and the torque efficiency for a pump is 
ae N, 
E; _ 7 ‘A 





T Ti+ Te+Te NotN+% 

From Fig. 6 it can be seen that E, can 
be expressed in terms of N, n, and n,. 
Since N, and n, are constants when the 
pressure and viscosity are constant, the 
plot for the torque efficiency E, for a motor 
is a straight line as shown in Fig. 6, and 
the plot for the torque efficiency E, for a 
pump is a hyperbola as shown in Fig. 8. 
Where p may be any number, the hyper- 
bola for the pump can be readily plotted 
by marking off points on the abscissa equal 
to 


V=p~No-—m 


The torque efficiency for any particular 
value of p is 


] 


l +p 


i, = 


Thus for 


E 


p ¢, = 2/3 or 66.7 percent 
n= = l 3 


3 or 33.3 percent 


Noe 
my 


1 ut 


’ 


~ 


ToTraL EFFICIENCY. 
total efficiency is 


, — N Nw — N 
lances ha ter, (x - = 


For high speeds the volumetric efficiency 
approaches one and the total efficiency is 
determined by the torque efficiency. In 
the low speed range the main trend of E 
is determined by the volumetric efficiency. 
The point of maximum total efficiency can 
be found analytically by differentiating E 
with respect to N and equating to zero 


a a 
aN L(No+m)(N + n,)? 


X(noNo— 2n,N— N*) = 
N2 + 2n,N — 1, N, =0 
Naemaz = — Net Vn? + 1. No 
Only the plus sign is of significance in th 
analysis. Nemes can be found by the coi 
struction shown in Fig. 9. Drawing a sem 
circle over n, plus N, as diameter, gives ‘ 
as the point of intersection of the cir 
with the vertical axis through O. Swingu 
AC with A as center onto the horizonta! 
axis gives C’; then OC’ is the speed Ne» 
To verify this it need only be consider 
that the altitude OC of the right triang'< 


For the motor, the 


From 
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A-C-II is the mean proportion of n, and N,, 
therefore 


OC? = No No 


and AC = Vn,2 + no No 


Since 


R 

LY Siecnss = R — No 

it 1s represented by the distance OC’. 
The maximum efficiency, E,,,,, remains 

to be determined. By introducing Nem, 

into the formula for E 

N,—2R+2n, 

No + nz 


No ak" 2N Emar 


Emaz = 
max A ap ae 


This expression can be found by a graphical 


method using the similarity of triangles as 
shown in Fig. 9. By writing the equation for 
Emax aS a proportion 


(N, T Ne): 1 = (No i. 24 Emaz) : es 


and by representing it as the sides of the 


two similar triangles I-II-III and IV-II-V 
I-II : II-III = IV-II ;: II-V 


the value of E,,,, can be read directly from 
the figure. With volumetric efficiency, 
torque efficiency, and the speed and magni- 
tude of E,,,, given, the curve for E can be 
drawn. 

A similar construction, Fig. 10, can be 
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Fig. 9—Graphical construction for determining total 


efficiency of motor. 
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Fig. 10—Graphical construction for determining total efficiency of pump. 
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apphed for determining the total efficiency 
of a pump 


V—n, \ 
B= (3) (area) 
dE 
dN 
Vo N, V-) 
NA. 4 ie N) E _ N. m =a x | = Q 


The equation for Nye is 
2— 2ng N = no (No + ne) 
and 
A Emax = N¢ Vv No* T Mo N. tT Me 


Again the plus sign only is of interest and 


=n +R 


A Emax 
The value of Nya», can be found graph 
ically using a 
for 


semi-circle as in the construc 


tion the motor, this time with a di 


ameter ot 
My + V, + Ne 
The value of E 


‘mar 


is found by introducing 


Nemar 1 the equation for E, and consider- 
ing that 

R? =» T Me Vo + me 
Phus 


Ema: = (5 ; <)( Ve 


] \ 

‘max = >y : \ 
Again, E,,,, can be constructed by drawing 
two similar rectangular triangles one of 
which has the two sides N, and E,,,,, and 
the other 

2 Nmar + No + ne and 1.00 
In Fig. 10 a triangle of half the size with 
the sides 

Vetn = 
Nmaz + —— Sand 0.5 


was used. From E, equals zero for Nn,, it 
follows that E equals zero if N equals n,. 
Since E,, approaches 100 percent for large 
N, E will lie slightly below E, in this region. 
With these anchor points fixed, the whole 
curve can be readily drawn. 

It has been that the volumetric 
efhciency is fully determined by the quan 
tity n, of the corresponding discharge-speed 
characteristics, and that a volumetric efh 
ciency of 90 percent can be reached at a 
speed of 9 times n, for a motor and 10 times 
n, for a pump. For an E, of 95 percent 
a speed of 19 times n, and 20 times n,, for 
motor and pump respectively, are needed. 
Therefore, if m, equals 80 r.p.m. a 
metric efficiency of 95 percent is reached 
at a motor speed of 19 times 80 or 1,520 
revolutions per minute. 

The torque efficiency is determined by 
and N,. The term n, represents the 
Coulomb or solid body friction, and N, is 
an inverse measure of the viscous torque loss. 
Zero Coulomb friction is indicated by n, 
equal to zero and a starting torque T, equal 


shown 


volu- 


ny 
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Fig. 12—Influence of increase 


to the theoretical torque T,. Zero viscous 
torque loss would be identical with N, equal 
to infinity. 

An inspection shows that the correspond- 
ng formulas for the speed at maximum efh- 
ciency Nemes the maximum efficiency 
Ener contain the three quantities n,, N, and 
n,. By introducing the ratios 


7 = N,/n, for the motor 
y” = (No + n¢)/no for the pump, 


and 


i) 


and 


the equation 
rewritten. 
For the mot 


Ne maz = 


Enas ™= 2 


of pressure on efficiency 


for .N,...,. and £.,, can be 
; f 
No (VQ 1-1 
—2(v¢+1-1) 
7(1+ p 


For the iia 


A Emax => 


Enaz = 





(2 Jz 


+ 2( vq’ o— 


of hydraulic motor. 


Thus, E,,,, for the motor and the pu 
can be expressed as a function of q and 
respectively with p as a parameter, as shi 
in Fig. 11. 
finding the conditions of operation ul 
which a given unit will yield its maxin 
efficiency. If p, g and q’ are defined a 
dicated in Fig. 11, it is interesting to 


that for the same p and q’ equal to q th 
and pum 


maximum efficiency for motor 


are of the same magnitude. 
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This relationship is useful 1 


a) 


oO 


—) 


+ 








Py 











An example will illustrate how the con 
litions necessary for a maximum efficiency 
it a given speed can be found. Assume 
that a 5 hp. motor is to be operated at a 
normal speed N of 1,000 r.p.m. and at a 
pressure P of 500 Ib. per sq. in. What 
smount of slip and how great a torque 
peed loss are permissible, if the motor is 

have an cfhiciency of 95 percent under 
the stated conditions? 


+ 


From the relation 


14 xX PXQ _ 

ae ET xX 33,000 — 
cop : 2” TN 
8EX10°x PXQ=-—— 
SSE X 1 Px 700 


the torque output T in ft. Ib. and the re 
quired rate of flow O in g.p.m. is found 
to be 

T = 26.3 ft. Ib. 

O = 18.1 g.p.m. 
From Fig. 11, for E,,,,, equal to 95 percent, 
q must be 1,520 and since 

Names _ 
Vat+i-1 ° 


intity n, becomes 26.3 r.p.m. ‘Therefore 


No =@ no = 1,520 X 26.3 = 40,000 r.p.m. 
Furthermore, if best workmanship and neg 
ligible Coulomb torque loss are assumed, 
becomes zcro. Consequently, N, equal 

means that in the speed 


range from zcro to 40,000 1 


p 
to 40,000 r.p.m 


p.m. the torque 
output drops from 100 percent to zero 


é percent pe! 
Phe torque efficiency 


percent, of 1,000 r.p.m 

at 1,000 r.p.m., ther 

f is 97.5 percent. The volumetric effi 
nev at this speed 


V 1,000 


V+ne 1,000 + 20 
the total efficiency 


E, Ey = 95 percent 


7.5 percent 


iS assumed originally Vhe torque specd 


slope becomes 0.000675 ft. Ib per r.p.m 
v the slip is 
() 
noD = no—\~ = 
26.3 &:0.0181 = 0.475 ¢.p.an. 


\nother application of the 


graphical 
Fig. 12, shows 


the efficiency speed 
characteristics for a certain motor operated 

0 different pressures, 300 and 1,200 Ib. 
per sq. in., 


wna S1S. 


with oil of the same viscosity. 

Ihe motor data are: Displacement D is 
gal. per revolution; at 300 Ib. per sq. 
pressure a performance test has shown 
retical torque T, of 5.25 ft. Ib., a 
rubbing or Coulomb torque loss T, 
25 ft. Ib. and a torque speed slope t, 
101 ft. Ib. per r.p.m.; the slip S at 
lb. per sq. in. was measured as 0.20 

gp.n.; from T, and T., a torque at zero 

speel T, equals 5.0 ft. Ib. follows. Given 

these data, n,, N, and n, can be found. 

Sin 

= §/D, No = T,/ty and mz = T-/tz 

llows that 

mo = 20r.p.m., Vo = 5,000r.p.m., and n, = 

250 r.p.m. 
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Hence q = N,/no = 250 
1+ p=1+ 7./T, = 1.05 


Therefore 


r / -_ = 
N gemaz = Mo (V9 +1 — 1) = 297 r.p.m. 
: q—2(vg+1-1 
Dees _ Maes Be —— = 84 percent 
q (1+ p) 


The increase of pressure to four times 
its original value increases the theoretical 
torque four times and the slip four times, 
while the displacement and Coulomb torque 
loss remain (it may be assumed) unchanged, 
that is, there are no deformations in the 
unit under the increase of pressure. The 
data for the unit changed thus accordingly 
are given in Fig. 12. Since q changes only 
from 250 to 259, E,,,, increases only 3.3 
percent. The speed of maximum efficiency, 
however, increases to 1,212 r.p.m. into the 


range where most of the hydraulic motor 
applications can be found. The graphical 
representation shows how the torque speed 
slope flattens out. 

An example in which the torque-speed 
curve drops off in the low speed and high 
speed ranges is shown in Fig. 13. By draw 
ing a straight line that approximates the 
torque curve in a range that covers the de 
sired operating speeds, 500 to 2,500 r.p.m. 
in Fig. 13, the quantities n, and N, can be 
found and the construction finished in the 
regular way as shown in Fig. 14. The re 
sult will be correct in the speed range of 
best approximation. If the torque-speed 
curve is concave towards the speed axis, the 
actual efficiency will never be greater than 
that indicated by the curve based on the 
straight line relationship 
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Fig. 13—Discharge-speed and torque-speed characteristics of motor with pres- 


sure constant. 
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Fig. 14—Total efficiency-speed curve of motor with pressure constant. 
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Special Rivets for Shear Loading 


KENNETH SCHMIDT | 


Fig. |—Rivets being used in the fabrication 
of a P-5IH engine mount, where the shear 
loads are great and the tensile loads are low. 


Production Design Engineer, North American Aviation, Inc. 


This article gives specific data on a new type of rivet developed for applications 


where shear loads are large and tensile loads are small. Available sizes, dimensions, 


strength, methods of driving and removing the rivets are explained and illustrated. 


LHI 
Shear, 


is the outgrowth of 


'WO-PIECE 


registered in the U.S 


RIVET, trademark Hi 
Patent Office. 
research directed pm 
marily to develop a fastener as a substituts 


for the common bolt, washer and nut com 


bination used in aircraft structural joints 
where the fastener resists shear, and to 
duce the quantity and the size of the rivets 


] iddition 


in heavily loaded shear joints. In 
the fastener was required to be lightweight, 
strong, corrosion resistant, Competitive i 
cost, capable of being driven rapidly with 
simple equipment, and easy to inspect after 
riveting. 

The rivet consists of two parts, a steel pin 
The 


pin, available in brazier, 100 deg. counter- 
sunk and flat head stvles, is made of heat 


and an aluminum alloy collar, Fig. 2. 


treated, cadmium-plated steel with a cit 
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Collar 





: Flat head 
100° C’sunk 
head 


Brazier head 





Fig. 2—Rivet consists of two parts—a 


steel pin and an aluminum alloy collar. 
The pin is available in brazier, 100 deg. 


countersunk and flat-head styles. 


cumferential groove 


tion and the collar cutting edge. The 


is made of Al7ST aluminum alloy, anod 


resistance and waxed 
lubricant. 


giving the approximate dimensions 


for corrosion 

s 

swaging Fig. 3 carries a 
sign purposes. 

Phe rivet is primarily a fastener for 


loading. It is not intended for tension 


ing. They were first used on the XP-51 


plane in 1943, replacing standard AN 
and nuts in wing beam and nib ass« 
wing-fuel-tank 


ind in the Cover ass¢ 


They proved so satisfactory that th 


now being used extensively in Arm 
Navy airplanes throughout the aircra 
dustry. 

The rivet pin is heat treated to 3 | 
strength of 125,000 to 150,000 Ib. pet 
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H " Size 
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% : ' *. w . 
4 ‘A ym D ke 601 . 
i! es ai 4 ; 4 2-11 Wy Ya Bn | Ye | Ye | Fo | Ve 
' Gatsatnieaiatdl T - 
' . e ' a -A-- : . 
| ae © ine Se heb % | | % | Me | %e 
' ; *--JO0°-" 
' : : 3 19, 3 i t 
‘--Maximum grip “Minimum grip Maximum grip-- *F1G.3 fe Yrs Hoy % 32 Ya 
Fig. 3—Head styles and dimensions of the rivets for design purposes. Fig. 4—Operations of driving the rivets. 
om. 
S a 
“4 ) 5 
» A , 
‘Pin *- Collar “Driven rivet 
inserted slipped 
over pin d 
Special too/ 
forrrs and 
trims collar 
FIG.4 
the collar is slipped over the pin before 
TABLE I—Approximate Weights in Pounds (Including Pins and Collars) swaging, it extends not more than 1/16 in. 
ie ee ee _ beyond the cutting edge of the pin. Table II 
Maximum Grip, Rivet Diameter, In. shows the available sizes of rivets and their 
in, "ges — a ” , ces corresponding range of maximum = grip 
- = | . Nel Bax /t | soha = : th lengths. Fig. 3 illustrates maximum grip 
, 
1/4 | 0.0040 0.0076 0.014 | 0.022 — aa 
5/16 | 0.0044 0.0084 0.015 0.024 Driving Principle 
3/8 0.0050 0.0092 0.016 0.026 
7/16 0.0054 0.0098 0.018 0.028 Driving is illustrated diagramatically in 
1/2 | 0.0060 0.010 0.018 | 0.030 Fig. 4. The one-piece riveting tool has a 
9/16 0.0064 0.012 0.020 0.032 cylindrical bore and a conical face that 
5/8 0.0068 0.012 0.022 | 0.034 swages the collar into the grooved end of the 
11/16 0.0074 0.014 0.022 0.036 
Y 3/4 | 0.0078 0.014 0.024 0.038 
yllar 13/16 0.0084 0.014 0.026 0.040 
lized 7/8 0.0088 0.016 | 0.026 0.042 Table !l—Available Rivet Pin Sizes 
_— 15/16 0.0094 0.016 | 0.028 | 0.042 eae on : 3 
aes } 0.0098 0.018 | 0.030 | 0.044 : 7 
table | ; Range of Maximum 
. de- Rivet Size, Grip Length, 
. in. in, 
chear in accordance with Army-Navy specification The shank of the pin does not expand 3/4 3/16 t01 1/2 
load- AN-OO-H-201. The allowable shear strength when the rivet is driven; hence the holes 1/4 1/4001 3/4 
] air is specified in ANC-5, “Strength of Aircraft should be punched or drilled as near the 5/1 5/16 to 2 
bolts Elements,” is 75,000 Ib. per sq. in. rivet size as practicable. Normally a drill pe 3/8 tod 1/2 
}lies 'he approximate weights of the rivets are of nominal rivet size will drill oversize to 
sly. gven in ‘Table I. The rivets weigh less provide sufficient clearance. 
are than other types of fasteners of equivalent Selecting and specifying a rivet pin of — pin. The excess collar material, cut off by 
ind Shear strength. The head and collar are correct grip length are important in design the cutting edge of the pin, is ejected 
in- smaller than the head and nut on standard’ in order to develop full strength of the through the waste port of the swaging tool 
bolt Wrench clearances are unnecessary fastener. Actual grip limits are maximum — under pressure from succeeding rings. Four 
isile except when interchangeability with standard — grip dimensions plus zero, minus 1/16 in. _ sizes of swaging tools are available commer: 
in. be ind nuts is desirable. Rivet grip length should be such that when — cially, one for each lar size. Fig. 5 
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Pneumatic 
rivet gun 


Flush rivet set 
is interlocked 
with gun adapter 





a 
gun adapter 





Rivet set ™@ 






Tr 





immed material 
ejection slot 





Fig. 5—A photograph illustrating the normal use of the rivet set in a pneumatic rivet gun. Fig. 6—In some cases the rivet 
set is held between the holding bar and the collar while the rivet is driven by pneumatic hammer from the head end. 
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end by cutting ~~~ —> ae 
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(B) Remova/ from Drill 
collar end by oe 
APT 1G tAOUGH mmo 
pin (Preferred ) 





























(C) Removal from 
pls Bead nd noe 
by drilling 
through pin 














Fig. 7—Diagrams showing how rivets can be removed (B) illustrates the preferred method. 


shows a swaging tool as used with a pneu under test than joints prepared by pneumatic less than 
matic rivet gun 


three times the rivet shan! 
hammers and bucking bars. 


17 7 
uneter for, the rivet collar is ductile e1 


Ihe tool set can be adapted to portable Rivets can be removed by cutting the to conform to these and other surface 1 
ind stationary pneumatic squeezers. In rare collar with a small chisel or by drilling — larities under the swaging action. 
cases the riveting tool has been the bucking through the pin from either the head o1 It is common practice in the aviat 
bar and the rivet driven by pneumatic ham collar end. Fig. 7 illustrates the procedure dustry to use a minimum nominal edg 
mer from the head end, as illustrated in| Removal by drilling through the pin at the | tance, as measured from the center 
Fig. 6. The shear strength of the rivets is collar end is preferred. rivet hole to the edge of the mater I 
iffected little by the method used to drive Spotfacing the surface underneath the col two times the rivet shank diametei 
them, but joints made with pneumatic — lar is unnecessary unless the surface slants minimum spacing, from centerline to ¢ 


. } ] e } . ] lh 
squeezers show more uniform deflections more than seven degrees or is convex by line, of four times the rivet shank dh 


Vet 
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ENGINEERING ASSTRACTS 


FOREIGN AND DOMESTIC ARTICLES 


Effect of Voltage Variations 


Excerpts from an interim report on industrial 
voltage requirements by the AIEE Committee 
on Industrial Power Applications, presented 
at the recent Winter Convention in New 
York City. 


THERE HAS BEEN a tremendous _in- 
crease in electrical applications in industry, 
much of it in the field of automatic con- 
trol. Modern machines require controlled 
acceleration and deceleration, accurate con- 
trol of speed, synchronization with other 
equipment and dynamic braking. 

In many industries a number of operations 
ire brought together into highly integrated 
production units which operate almost auto- 
matically through the use of highly perfected 
electrical equipment and control instruments. 
It is the built-in electrical features which in 
many cases made the process possible. They 
control speed, tension or pressure, tempera- 
ture, sequence of operations, and also the 
product qualities such as weight, finish, 
softness, stretch, moisture content and many 
other characteristics. Other processes are 
striving for close control of dimensions and 
work to extremely fine tolerances as well as 
high finishes, while still maintaining high 
output speeds. Parts produced in this man 
ner at widely separated plants, under dif- 
ferent climatic conditions, must yet be per- 
fectly interchangeable. Such control of 
quality is possible only with a corresponding 
quality in performance if all electrical 
apparatus, and this performance may be af- 
fected by changes in voltage. Although the 
manufacturer states that some devices will 
operate satisfactorily at rated voltage plus or 
minus 10 percent and others at rated voltage 
plus or minus 5 percent, whenever the volt- 
age deviates from the nameplate rating some- 
thing is sacrificed in either performance or 
life. It is therefore important to know the 
effect of voltage variations on various elec- 
trical components used in machines. 


INcaNDESCENT Licutinc. The light output 
and life of incandescent lamps are critically 
affected by the impressed voltage. Table I 
shows this relationship for a voltage range 
trom 80 to 120 percent of rated voltage. 

in general, for incandescent lamps 1 per: 
cent deviation from rated voltage causes a 
change of 3 percent to 3.5 percent in the 

t output. 


lg 


Fivorescent Licutinc. Fluorescent lamps 
are less vulnerable to voltage variation than 
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incandescent lamps, as shown in Table II 
which gives data furnished by Nela Park. 
RestsTaNce Heatinc Devices. The energy 
input and therefore the heat output of re- 
sistance heaters varies in general with the 
square of the impressed voltage. Thus, a 
10 percent drop in voltage will cause a drop 
of 19 percent in heat output. This, how- 
ever, holds true only for an operating range 
over which the resistance remains constant. 
Many heating devices are conservatively 
designed and, if thermostatically controlled, 
will operate satisfactorily even if the voltage 
varies 10 percent or more. However, often 
the designer must compress the heating 





Table I—Effect of Voltage Variation on 
Incandescent Lamps 








% % % 
eng Rated Rated Rated 
ae Voltage Light Life 

8 Output 
96.0 SO 48.6 1907 
102.0 85 58.5 832 
108 .0 90 70.0 398 
110.4 92 75.4 298 
112.8 94 81.1 225 
115.2 96 87.2 171 
117.6 98 93 3 130 
120.0 100 100 100 
122.4 102 107 77 
124.8 104 114 60 
Fe 2 106 122 47 
129.4 108 130 36 
132.0 110 138 29 
138.0 115 163 16 
144.0 120 190 9 





Table Il—Effect of Voltage Variation on 
Fluorescent Lamp 








Percent of Rated Voltage 


| 
ee 


90 95 100 105 110 





85 94 100 107 112 
80 90 100 90 80 


Percent lumens. . | 
Percent life. .... 





Table IlI—Effect of Voltage Variation on 
Infra-Red Lamps 





Socket voltage........ 100 110 115 120 
Percent normal wattage 80 93 100 107 





elements into minimum space and operate 
them at maximum temperature. Then a drop 
m voltage means a drop in temperature 
varying with the square of the voltage, and 
hence a loss in production. Conversely, ex- 
cessive voltage will sharply reduce the life of 
the heating elements. ‘This condition applies 
especially to high production tools. ‘To as- 
sure uniform high production and satisfactory 
operating condition, the voltage should be 
maintained within a range of rated voltage 
plus or minus 5 percent. 


InFRA-Rep ‘Heatinc Lamps. Although the 
lamps are a form of resistance heater, the 
energy input does not vary with the square 
of the voltage, because the resistance varies 
at the same time. The radiated energy of 
these lamps is directly proportional to the 
wattage input for a voltage range of 50 to 
150 percent of rated voltage. Table III gives 
results of tests made by Nela Park on a 115 
volt infra-red lamp. 

Although the change in wattage and 
radiated energy is only 7 percent for a 5 
percent change in voltage, this change can 
be more harmful to the user than a larger 
change in a typical resistance heater. The 
lamps are not thermostatically controlled 
and a change in voltage means a change in 
temperature, which will affect the product. 
If the voltage is subnormal, the conveyor 
speed must be reduced with a corresponding 
lower production. If excessive, the speed 
must be increased to avoid burning the prod 
uct. Therefore, infra-red heating processes 
are among the operations which are critically 
affected by voltage changes. 


+ 
1 
I 


InpucTION Motors. The characteristics of 
induction motor are materially affected by 
other than rated voltage. A subnormal volt 
age causes lower starting and running torque, 
lower speed, higher full-load current and 
therefore higher temperature rise, higher 
power factor. Over-voltage results in higher 
torques, higher capacity for the same tem 
perature rise, but lower power factor. The 
effect of subnormal, and above normal volt 
ages on motor performance is given in Table 
IV. The general effects will vary somewhat 
for specific ratings. 

While many drive applications are not 
seriously affected by voltages deviating as 
much as plus or minus 10 percent from 
rated voltage, some important applications 
are. The problem of laundry machinery is 
a good example. Revolving drum_ type 
washers rotate from seven to nine revolutions 
forward and then seven to nine revolutions 
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Table 1V—General Effect of Voltage Variation on Induction Motor Characteristics 











Characteristic Voltage Variation 
90% 110% 120% 
Voltage Voltage Voltage 
Starting and maximum running 
NIN sooo traiaid saswsraceees Dec. 19% Inc. 21% Inc. 44% 
oe rere ee eres Inc. 23% Dec. 17% Dec. 30% 
Full SE DRONE. oon cc ei ccngecscs Dec. 1.5% Inc. 1% Inc. 1.5% 
Efficiency — full load........... Dec. 2% Inc. 1 to 2% Small inc. 
MINIS 56 kate o55 "5:00 No change No change Dec. 0.5 to 2% 
ee Inc. 1 to 2% Dec. 1 to 2% Dec. 7 to 20% 
Power Factor — full load........ Inc. 1% Dec. 3% Dec. 5 to 15% 
34 load......... Inc. 2 to 3% Dec. 4% Dec. 10 to 30% 
4 load.........] Inc. 4t0 5% Dec. 5 to 6% Dec. 15 to 40% 
Full load current............... Inc. 11% Dec. 7% Dec. 11% 
Starting current***............ Dec. 10 to 12% Inc. 10 to 12% Inc. 25% 
F. L. temperature rise.... Inc. 6 to 7% Dec. 3 to 4% Dec. 5 to 6% 
Max. overload capacity* . ee Dec. 19% Inc. 21% Inc. 44% 
Magnetic noise — especially at no 
O'ER EE tea cee eee Slight decrease Slight increase Noticeable 
increase 
*Varies as: (Voltage)?.......... **Varies as: —— Bes ***Varies directly as Voltage 
(Voltage)? ° 








in reverse, with three to six reversals per 
minute. The load is an overhauling load and 
the motor must have an extremely low start- 
ing and plugging torque to prevent shock 
on reversal and damage to the machine. 
However, the motor must have sufficient 
starting torque to insure proper acceleration. 
Experience has shown that a variation in 
torque of plus or minus 10 percent from 
rating will cause operating difficulties. This 
means that the motor must receive voltage 
that is constant within 5 percent. 

Similarly, a centrifugal laundry extractor 
requires a comparatively high torque, but is 
not reversible. ‘Torque variations must be 
held within small limits. Excessive torque 
causes too rapid acceleration and results in 
poor distribution of the load and unbalanced 
operation, and presents a definite operating 
hazard. The peripheral speed is 14 mi. per 
min. and unbalance results in vibration and 
ultimate damage. Low torque, on the other 
hand, lengthens the accelerating time, re- 
duces the extracting ability of the machine 
and causes overheating of the equipment. 


Syncuronous Morors. The effect of volt- 
age variations on the performance of syn- 
chronous motors is similar to that on induc- 
tion motors. However, while the starting 
torque varies as the square of the voltage, 
the maximum or pull-out torque varies di- 
rectly with the voltage. 


ELectronic EguipMent. The life of elec- 
tronic tubes with heaters is affected by volt- 
age changes in the same manner as that of 
incandescent lamp filaments. In many tubes 
low voltage paradoxically shortens the life of 
the tube because the heater operates at too 
low a temperature to provide sufficient emis- 
sion. ‘This causes overworking of the cathode 
surface and early failure. 

Conversely, over voltage on coated fila 
ments produces more emission than desired 
ind results in rapid decomposition of the 
oating and early failure. 

Electronic equipment is, for this reason, 
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especially critical to voltage variations, and 
in many cases voltage regulators are used 
and pay for themselves in a short time 
through greatly increased tube life. Instances 
are reported where the tube life has been 
increased ten or twenty times after supply- 
ing regulated filament voltage. Because 
energy requirements are small, regulators are 
relatively inexpensive. 

SoLtenoiD OperatepD Devices. This group 
includes. solenoids, brakes, valves and 
clutches. The pull of a.c. solenoids and their 
temperature rise varies approximately as the 
square of the voltage. There is some devia- 
tion from this law, depending on the part of 
the B-H curve where the coil is operating. 

In general, solenoids are liberally designed 

and standard commercial solenoids will 
operate satisfactorily on 10 percent over- 
voltage and 15 percent under-voltage. Since 
an a.c. solenoid has an inrush current of 
approximately 10 times the sustained value 
when sealed, the wires supplying it should 
be of ample capacity to prevent an excessive 
voltage drop. 
Capacitors. The corrective capacity of 
capacitors varies with the square of the im- 
pressed voltage. A drop of 10 percent in 
the supply voltage therefore reduces the cor- 
rective capacity by almost 20 percent and 
where the user has made a sizable invest- 
ment in capacitors for power factor correc- 
tion, the benefit of 20 percent of this invest- 
ment is lost. 

However, the power factor of induction 
motors rises with a drop in voltage and falls 
with a rise in voltage. Consequently there 
may be a partial compensation of perhaps 20 
percent of the loss in corrective capacity for 
a 10 percent voltage drop, depending upon 
the average load carried by the motors. 


The effect of voltage variations on the 
performance of some electrical devices shows 
that voltage variations are important. While 
the electrical manufacturer permits a devia 
tion from the rated voltage of 5 or 10 per- 


cent in either direction, the rated perform- 
ance is not guaranteed throughout the 
voltage range. Any deviation from rated 
voltage means a change in performance and 
this fact should be kept in mind by designers. 


“De-Refining” Before and After 


Translated and condensed from the article of 
the same title which appeared in the March 
4, 1944 number of VD1I-Zeitschrift. 


Tue TERM “de-refining” is used to indicate 
the process of eliminating unnecessary ac- 
curacy from a product in order to reduce 
the amount of material and labor required 
for production. 

Three different phases of de-refining 
outlined here are: (1) how to “de-refine,” 
(2) when to “de-refine,” (3) limits of “de- 
refining” in the case of an established pro- 
duction line. 

De-refining can easily be explained by 
means of a simple technical example, such 
as the pocket watch. The only purpose of a 
pocket watch is to indicate time as ac- 
curately as the circumstances require. It 
must work under conditions to which a 
pocket watch may be subjected, such as 
shocks, pressure on the housing, changes in 
temperatures, and other conditions. 

The accuracy with which time must be 
indicated will depend on the user’s re- 
quirements. Employees of a public trans- 
portation system, army officers and navy 
officers need more precise watches than the 
average citizen. 

It is obvious that precision of production 
is closely related to the desired accuracy 
of the product. Hence, an increase in 
precision of the product calls for an in- 
crease in accuracy in the shops, which re- 
quires better materials and longer produc- 
tion time. It is therefore necessary to com- 
promise between cost as measured by that 
of the materials and production time on the 
one hand and the accuracy of the product 
on the other. 

The many parts of which a watch is made 
can also be used for the further discussion 
of de-refining. While the winding button 
of a pocket watch allows a more convenient 
method of winding than a key, the button 
requires a more complex design and there 
fore many more parts than are necessary 10 
a key wound watch. The lid of a watch is 
likewise often not necessary; it requires con 
sumption of material and calls for additional 
work which may not be justifiable. ‘The 
spring of a watch, however, should not b¢ 
made of second class material because it 1s 
an essential part of a watch. Ornaments 
on a watch might represent unnecessary 
working hours whereas gold and silver hous 
ings have the advantage of not only being 
more enduring but possibly also inducing 
the owner to take good care of the watch. 

From the preceding example of tiie 
pocket watch the following steps for carr 
ing out a “de-refining” program have been 
established: 

(1) Reduction of technical features of the 
construction to the lowest possible 


This holds particularly for products th 
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long production time and requiring appreci- 
ible amounts of material. 

(2) Lowering of the accuracy to the abso- 
lute necessary minimum. The designer 
must not demand precision except when it 
it unavoidable. Many designers violate this 
basic rule and therefore a wide field exists 
for the activity of the “De-refining Engi- 
neer.” We are convinced that designers 
often call for narrow tolerances in order 
to be on the safe side or because of his 
lack of knowledge. It is naturally not al- 
ways possible to check the necessity of a 
given fit by calculation and therefore, un- 
necessarily close tolerances often may not 
be detected until late in the production 
process. 

As an example, only after many hours 
of operation it was discovered that the 
play in a worn spline was not detrimental. 
This permitted greatly increased tolerances. 

(3) Lowest possible surface quality. A 
good surface is required where two parts 
roll or slide on each other. But the sym- 
bols indicating the desired surface too fre- 
quently call for unnecessarily fine finish. 
There are many rolling and sliding surfaces 
which need not be machined at all, con- 
trary to tradition. 

4) Elimination of all decorations and 
embellishments. Mankind is just entering 
the technological century and will recog- 
nize soon that a product is beautiful when 
it.conforms to its technological idea, and 
therefore does not need additional orna- 
ments. 

5) Limitation of types and standardiza- 
tion. The number of types of automobiles, 
tadios and electrical devices of various kinds 
has been particularly large in Germany. 
Although the Government has done very 
much already before the war by consoli- 
dating production lines and also by promo- 
tion of standardization, it is imperative to 
continue this activity after the war more 
strictly. Many civilian instruments are also 
implements of war and the large number of 
types is causing much trouble now. 

(6) Consideration of Bottlenecks. In con- 
nection with “de-refining” it is necessary 
to remember that numerous bottlenecks 
exist which must be taken into considera- 
tion. These bottlenecks occur in the field 
of raw materials, semi-finished parts, ma- 
chine tools, skilled labor supply, and trans- 
portation. Saving of materials—including 
steel—is important, and it is therefore es- 
sential to reduce the stock of material re- 
moved by machining processes. In_ this 
manner energy and production time will 
be saved and also the work required for 
moving chips and raw material in a plant 
will be reduced. 

It is evident from the foregoing that 
de-refining should be carried out as early 
in the designing as possible because items 
eliminated during the preparation of the 
lay-out need not be detailed later on. Under 
ho circumstances should samples be made 
efore the design has been rigorously 
checked for simplicity of production. 

The problem of de-refining is different 
when production lines have been  estab- 
lished. But the six points outlined above 


Pronucr ENGINEERING 





Marcu, 1946 


are basic and should be followed also in 
cases of running production lines. It must, 
however, not be forgotten to consider the 
effects of such an interference on produc- 
tion. While it is easy to change a dimen- 
sion on a drawing, it causes often much 
trouble in the shop. Drawing must be with- 
drawn, tools and gages changed or new ones 
purchased. Also, errors can easily occur 
when making such changes. It is also im- 
portant to keep in mind that interchange- 
ability with other parts must be main- 
tained. 

Only seldom will it be possible to prove 


a saving in labor and material by compati- 
son of calculated production times—‘‘be- 
fore” with “after”. It is always necessary 
to consider whether new machine tools 
would be required and what machinery and 
material will become obsolete in the case 
of de-refining. 

In the case of an established production 
line it is even more important than in the 
case of a new design to always consider the 
means of production that are available in 
a plant. Too many changes may have an 
effect opposite to that desired because of the 
time lost. 


Adaptable Machine Tools 


Foreign Abstract, condensed from an article 
by H. Stein in V.D.).—Zeitschritt, April 29, 
1944, page 229. 


‘ 


MacuinE TOOLS have been developed in 
recent years that cannot be classified among 
the standard nor among the single purpose 
machine tools. This new type can be termed 
“adaptable machine tools” because they can 
be fitted to the job by adding or taking 
away certain units of the machine. The 
“adaptable” machine tool may be advan- 
tageous in plants where production in large 
lots is possible, but will not approach mass 

roduction output. 

Adaptable machine tools discussed in this 
article have been used in the production of 
many different parts for diesel engines and 
other heavy gas motors. 

Selfcontained units consisting of head- 
stock, bed, rotary table and face plate can 
be used in many different combinations and 
to build up different machines. These 
units have been adapted for precision boring 
machines, rotary boring mills with head- 


stock equipped with a three-spindle boring 
head, machines for roughing and finishing 
longitudinal holes in transmission housings, 
and five spindle machines for simultaneously 
boring holes for the crankshaft, camshaft, 
oilpipe and brackets in an engine crankcase. 
Horizontat Borinc Mitts. An $arrange- 
ment of headstock, drive and _ boring-bar 
guide for rough boring and face turning 
crankshaft bearings in the frame of a diesel 
engine is shown in Fig. 1. Spindle b and 
feed drum c are driven by separate gear 
trains at slightly different speeds. In the 
machine shown, the ratio of the r.p.m. of 
spindle to the r.p.m. of feed drum is 506: 
507. A roller e, supported in drum c, fits 
into a cam track cut into the circumference 
of quill d. Quill d is fixed to and turns 
with spindle b. The spindle is advanced be 
cause its speed is slightly less than that of 
the feed drum and because of the axial 
thrust of the roller in the cam track. The 
cycle of operations as indicated by the de- 
velopment of the cam track, Fig. 2, com- 
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Fig. |—Headstock, drive and boring-bar guide for boring and face turning bear- 
ings in engine frames. Fig. 2—Development of feed-cam track in quill. 
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Fig. 3—Multiple-tool boring mill for machining crankshaft bearings in base plates. 


prises boring, facing near side, return travel, 
facing of far side, and advance. 

One machine for boring crankshaft bear- 
ings in diesel motor base plates, Fig. 3, has 
for its main feature an accurately guided 
boring bar. The boring head carries six 
or twelve cutting tools. The splined boring 
bar a moves axially in splined bushings c, 
but the bushings rotate with the bar. The 
bushings are accurately aligned in nine sup 
ports b. A shaft d, the r.p.m. of which is 
synchronized with the r.p.m. of the boring 
bar, at each support b drives a train of 
gears that rotates all the bushings uniformly, 
thus making it possible for the cutter head 
to travel through the bushings without 
hindrance. 

When the motor base plates are set up 
over the supports b of the machine in Fig. 
3, all bearings are bored from the face. The 
cutter head travels in rapid traverse between 
the bearings. Cutting tools (not shown in 
Fig. 3) that move crosswise face the ends 
of the bearings. The cross motion of the 
facing tools is controlled by a device built 
into the headstock. Chips are removed by 
a transport worm. A screen in the bottom 
of the box, into which chips are emptied, 
permits the oil to drain from the chips. 

High accuracy is obtained in a two bar 
machine for boring piston pin holes in pis- 
tons, Fig. 4. The boring bars are mounted 
on dead centers of special construction. At 
the headstock end, cach boring bar is driven 
with a V-belt, the pulley supported on ball 
bearings being attached to the bar with a 
special chuck. 


VertTicaL Bortnc Macuines. The same 
principle as that incorporated in the ma- 
chine shown in Fig. 4 is used on duplex 
precision machines for boring pump hous- 
ings, except that the workpiece travels up- 
ward during the machining operation and 
the lower centers for-the boring bars are 
engaged and released by air pressure. 


Larues FoR Non-Circutar Parts. The 
lathe shown in section in Fig. 5 is designed 
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to turn non-circular pieces such as cams and 
crank cheeks. The swing-tool holder arm 
a is mounted on a swivel arm b. The mo- 
tion of the swivel arm b is controlled by the 
shape cam d, while the rake angle cam c 
keeps the swing-tool holder arm a in a 
position such that at every instant the same 
correct rake angle is maintained between 
the cutting tool and the work. Cams c and 
d are keyed to the same shaft, their con- 
tours are determined by a master cam in a 
device having motions that correspond to 
those of the machine. Some machines carry 
as many as twelve tools, each being con- 
trolled by a shape cam and a rake angle cam. 

Another multiple-tool lathe for turning 
contoured parts is shown in Fig. 6. The 


contour of the part is produced by two cams, 
one cam controls the cross motion and the 
other holds the cutting tool at the correct 
rake angle. The main feature of the ma- 
chine is the method of mounting the head 
and tail stocks on a drum bed that can be 
swung in and out. 

The cylindrical guide ways on the drum 
bed wear well in service since they do not 
pick up dirt. Chips and any dirt can easily 
slide off the drum bed into the chip collect 
ing pit. The machine table that carries the 
saddle is parallel to the drum bed. The 
saddle is moved by a spindle and nut to 
obtain longitudinal feed. The cross feed 
results from the swivel motion of the bed 
The accuracy is such that parts come from 
the machine within the limits of assembl) 
tolerance and do not require hand finishing. 
In Fig. 7 are shown examples of contours 
that can be produced on the machine. 


MACHINES FOR CRANKSHAFTS. Special drum 
type bed machines, Fig. 8, have been de 
veloped for machining crankshafts, to 1 
place the formerly required cross slide fo: 
facing and plunge-cut operations. In addi 
tion to having a regular feed motion, the 
drum-type bed has the advantage of high 
rigidity and freedom from twist even though 
the feed rates and the cutting forces ar 
large. 

When machining crank pins, in the ma 
chine shown in Fig. 8, the crankshaft ro- 
tates about its axis and the tools have a 
rotary motion. In Fig. 8 the initial posi- 
tions of the workpiece and tool are indi- 
cated by light lines, the heavy lines indicate 
their positions at the end of the machining 
operation. The tool holder is driven by a 
master cam that has the same throw as the 
shaft being machined. A rocker arm swing- 
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Fig. 4—Prex sion duplex machine for boring pin holes in pistons. 
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Fig. 5—Multiple-tool camshaft lathe with rocker-arm tool 
Some machines carry as many as twelve tools. 


holders. 


Fig. 6—Multiple-tool lathe with drum-type bed for machin- 
ing non-circular parts. 














| 
t 
Fig. 7—Contours that can be produced ae ~.. 
on lathe for non-circular parts. 7(G Pavers ens 
-“ \ 5 / 
‘ 
ing about the master shaft carries a disk at a ee | 
its free end that rests on the workpiece. RU + (Fc __ see 
The master shaft and the work are driven “FART ~~~ ilo! OR ~ E> Master ca 
so that they rotate in the same sense so yy 1°, “ae 
as to maintain a correct position of the eis ORE a * 7m . 
cutting edge relative to the work at all times. Start of cut — - |) : i Le \ 
The crankshaft is driven from both ends to a —— . } \ 
avoid twist. A supporting crankshaft placed avy | | SS 
above the rocker arm is driven by a chain a a t Y>-._| — = — = —|_ SOL / 
ttom the master shaft. The supporting crank- ¢ . | fd . wa A 
shaft serves only as a means for clamping ff th — ee Se” 
the rocker arm during loading and unload- — ‘ Lf” \\ 
ing operations. Swings in \ } Yj Nz 
The infeed motion is obtained from a Ne 
spindle, which lies beyond the master-shaft, FIG. 8 4 REE SN _f a . 
through gears to the drum. Changeover Pt Ate Fax as a ee 
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stopping of the machine when the desired 
work diameter has been cut are automatic. 


e drum stops when a dog is struck, but 
the machine does not stop until the chip 
has run out. The machine also automatically 
tops if the cutting force exceeds a set value. 


To keep the variation of the correct rake 
and clearance angle of the tools within rea- 
— limits, the stock to be removed 
should 


not exceed about 10 percent of the 
shaft diameter, 


For \ultiple-throw crankshafts where the 
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Fig. 8—Multiple-tool lathe with drum-type bed for machining crankshafts. 


total width of chips is large, the cutting 
forces would cause high bending stresses 
both in the work and in a standard lathe. 
But in the machine shown in Fig. 8 the 
stresses remain within the rocker arm. The 
work is not subjected to bending forces, 
since the cutting force in pushing the rocker 
arm downward generates an equal and op- 


posing force at the contact point of rocker- 
arm disk and work, thus bringing about 
a couple with the rocker arm. 

The rocker arm arrangement has also 
been adapted for use with a standard lathe. 
Grinding machines have also been built 
using principles similar to those incor- 
porated into the crankshaft lathe. 
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Selection of Screw Thread 
For Maximum Axial Force 


E. E. MODES, 


Development Engineer, Powers Regulator Company 


Factors that govern choice of thread form, lead, and pitch diameter of 
screw to obtain maximum axial force from a given torque. This analysis of 
forces acting in a screw and nut when transmitting an axial load includes a 
graph that evaluates torque coefficients for different design values of thread. 


IN DETERMINING the maximum axial 
force that can be exerted by means of a 
screw and nut with a given available torque 
input, that is, the force that can be com- 
fortably applied by a workman to the largest 
wrench that will fit into an available clear- 
ance space, three questions present them- 
selves. 

1. What form of thread to use: Square, 
Acme, or American National? 

2. Should the lead be maximum or mini- 
mum? 

3. Should the pitch diameter be maxi- 
mum Or minimum? 

When the effect of frictional forces in 
the turning pair are neglected, the law of 
the inclined plane applies, that is, forces 
are inversely proportional to distances moved. 
Therefore, with a nut and screw like that 
shown in Fig. 1, where 


P = turning force, lb. 
R = radius of turning force, in. 
L = lead of thread, in. 


W = axial force exerted by screw, lb. 
when friction is neglected 

W=22RP/L (1) 

From Equation (1) it would appear that 
the thread form and pitch diameter would 
have no effect on the foree W, and the 
lead should be minimum for maximum W. 
But an analysis in which the frictional effects 
are considered will indicate that a vastly dif- 
ferent situation then exists. 

Three views of an element of a screw 
thread having an included angle of p deg. 
are shown in Fig. 2, plus an auxiliary radial 
section X-X taken perpendicular to the 
helix. All principal forces that appear in 
their true length in the respective views are 
shown as solid vectors. These forces are re- 
solved in three mutually perpendicular 
planes, and these components are shown as 
dotted vectors. The components are all 
shown as part of the triangle used in resolv- 
ing the principle force, but actually the 
point of application of the component is 
identical to the point of application of the 
principal force. 

The principal forces on the screw are: 
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Turning force P, applied at a distance R 
from the axial centerline; reaction W of the 
axial force; force N exerted by the nut on 
the flank of the screw thread normally to a 
plane tangent to the flank at the point of 
application; and frictional force Nu in the 
flank tangent plane. 

Friction force Nu can be resolved into a 
vertical component Nusina and a horizontal 
component (in a vertical plane parallel to 
R) Nucosa, as shown in the front view. 
N can be resolved into a radial force 
Nsin8/2 in a horizontal plane as shown in 
X-X, top and side views, and Neos8/2 in 
X-X that is inclined a deg. from the vertical 
in a vertical plane parallel to R. NcosB/2 
can be further resolved to a vertical force 
Ncosacos8/2 shown in the front and side 
views, and a horizontal force Nsinacos8/2 
shown in the front and top views. 

A summation of the vertical components 
in the front view gives 


N= A (2) 


cos a cos B/2 — uwsina 





A summation of the moments of the hori- 
zontal components about the axial center- 
line in the top view gives 

PR = rN (sinacos B/2 + uweosa) (3) 
Substituting Equation (2) in Equation (3) 
gives 


(cos a cos B/2 — usin a) 





W= PR r (sina cos B/2;+ yu cos a) (4) 
Considering that 
z = 
51 6 ————— 5) 
sina Vaart Lt ( 
and 
2 ‘ 
cosa = yeas (6) 


V(2 ar? + L? 
and substituting Equations (5) and (6) in 

Equation (4) gives 
2mrrcos B/2—nLl 
r(2e7ru+Lcos B/2) 
In Equation (7), the effective axial force W 
is given as the product of the torque input 
PR times a factor F. The factor F is a 
function of the thread angle, lead, pitch 


W= PR 





= PRF (7) 


For the 
purpose of this analysis, a condition of 8, L, 
and r is desired such that the multiplying 
factor F is a maximum. From Equaton (7) 


radius, and coefficient of friction. 


(2 ercos B/2 — u L) 
r(2"*ur+Lcos 8/2) 

First considering all symbols on the right 
hand side as constants with the exception of 
8 and differentiating with respect to 8 gives 


GF (4x2? + L?) sin 8/2 
dB so r(2e wt +L cos B/2)? 
Setting Equation (9) equal to zero and solv- 
ing for a critical value of 8 gives 
B=0 (10) 
that is, when 8 equals 0 the factor F is a 
maximum. From this it is evident that the 
thread having the smallest thread form angle 
perpendicular to the helix will result in 
maximum axial force. 

Considering all the factors in Equation 
(8) as constants with the exception of L 
and examining for a maximum value of F, it 
is seen that F is a maximum when L is 
minimum, because as L decreases the numer- 
ator increases and the denominator de 
creases. This means that the lead of the 
screw should be made a minimum for maxi 
mum axial force. 

Again examining Equation (8) with all 
factors except r considered constant and dif 


F= 





5) 


9) 























———— 





Fig. |—Screw and nut for converting 
torque into an axial force. 
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Fig. 2—Element of a screw thread with prin- 
ciple forces and their respective components. 

















ferentiating function with respect to r gives 
dF 
dr 
u(— 47? cos B/2 +4 min Lr + L? cos 8/2) 


; nk Moe 0h 


(2eur+rL cos 8/2)? 





— 


(11) 
Setting Equation (11) equal to zero and 
solving for a critical value of r gives 


L Mi - a 
= / a of. 12 
/ L(y (= B 5) +3 cos B , ) 


A plot of Equation (8) shows that the 
critical value of r as expressed by Equation 
(12) results in a maximum value of F, 
which means that with a pitch radius r as 
expressed by Equation (12) the axial force 
W is a maximum. 

To show more clearly the variation of F 
with each of the three variables 8, L, and r, 
the curves in Fig. 3 have been plotted. Each 
curve is plotted for the variation of one 
factor with the other factors held at the 
arbitrary constants as shown on the graph. 





To summarize, for multiplication of a 
given torque to a maximum axial force by 
means of a screw device: 

1. The thread form angle perpendicular 
to the helix should be made as nearly equal 
to zero as is possible. A square thread fulfills 
this requirement completely. Then, of the 
standard forms in order of decreasing effec- 
tiveness, comes the 29 deg. Acme and 60 
deg. American National. It should be noted 
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Fig. 3—Variation of torque coefficient plotted for each of three factors con- 
sidered separately as variables with the other two held as arbitrary constants. 


that the analysis considers the thread angle 
to be taken at right angles to the helix, 
which is not quite identical to the specified 
angles of 29 deg. and 60 deg., these angles 
being taken in the plane of the axial center- 
line. 

2. The lead should be made as small as 
practical from a production, operation, and 
wear resistance standpoint. 

3. After selecting the thread form angle 
and lead, mathematically the pitch radius 
should be made in accordance with Equation 
(12) for maximum axial force, remembering 
that the angle 6 in Equation (12) is taken 


perpendicular to the helix. For normal values 
of lead the specified thread angle may be 
used without appreciable error. It will be 
found that the values of pitch radius calcu- 
lated from the equation given are always too 
small to be practical, and therefore this re- 
lation is of theoretical interest only. Be- 
cause of this limitation the best that can be 
done is to make ra practical minimum, com- 
patiable with the chosen lead, and such that 
the allowable compressive, torsional, and 
bending stresses in the screw from the exist- 
ing axial load and applied torque are not 
excessive. 
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Velocity and Acceleration 


In Cam Design 


JOHN S. KAHR 


Equations for the velocity and acceleration of a radial roller follower 


are derived. These equations, for simplicity, are defined in terms of 


the angle between the line of centers and the line normal to the cam 


profile. Analytical and semi-graphical solutions of cam problems are 


outlined and the solutions of two cam problems are illustrated. 


THE DISK CAM with circular arc profiles 
and the radial roller follower are the subject 
of the present discussion. The velocity of 
the follower is the rate at which the distance 
between the cam and follower centers is 
changing with respect to the angular velocity 
of the cam. The acceleration of the follower 
is the rate at which its radial velocity is 
changing. 

In Fig. 1(A) O is the cam center, F is 
the follower center and C is the center of 
curvature of circular arc PQ. The point of 
contact, O, between the cam and the fol- 
lower lies along the common normal to the 
cam profile and the roller. This normal 
makes an angle a with the line of centers, 
OF. The distances, CF equals R and OC 
equals L, are constant but the distance OF, 
or p, varies with @ whenever the follower is 
undergoing displacement radially. 

When the follower is not being displaced 
radially, either away from or toward the cam 
center, angle a is zero. The angle a will vary 
from zero to one or more maximums to zero 
again during outward displacement from the 
cam center. For the direction of rotation in- 
dicated in Fig. 1 the angle a will lie to the 
left of the line of centers during rise of the 
follower. It will lie to the right of the line 
of centers during fall of the follower. It can 
be expressed as a function of @. 

From trigonometry the side p, or OF, in 
the oblique triangle OFC, Fig. 1(A) can 
be expressed as a function of a and the two 
sides, R and L, by 


p?— 2pReosa=L?— RX (1) 

In the right triangles ODC and FDC the 
following relations exist: 

Lsin @= Rsina, (2) 

L cos @ = Rcosa — p (3) 


Differentiating Equation (1) and rearrang- 
ing the terms, the radial velocity of the fol- 
lower is equal to the product of d@/dt and 
dpe/dé@, where dé/dt is the angular velocity 
of the cam and dp/dé is the rate at which 


246 


the radius is changing with respect to the 
angle 6; hence; 
dp a R sin ada/d@ 
d0 
An expression for da/d@ can be obtained 
from differentiating Equation (2); namely 
da/d@ = L cos@/R cos a. (5) 
Combining Equationss (3) and (5) to 
eliminate cosé, 
da/d@ = (R cosa — p)/R cosa. (6) 
The elimination of da/dé from Equations 


(4) 


Rcosa— p 


(4) and (6) gives the rate at which the 
radius is changing with respect to the angle 
@ as 

dp/d@ = p tana. (7) 

The quantity ptana represents one part of 
the magnitude of the velocity. It is desig- 
nated here as the velocity factor. 

Since acceleration is time rate of change 
of velocity, the acceleration is the derivative 
of the product (d@/dt) (de/dé). If the angu- 
lar velocity is constant so that the derivative 
of the first factor is zero, the acceleration is 
proportional to 


dtp dp da 
Fei = gp tana t psecta », - (8) 


If Equations (6) and (7) are used to 
eliminate the first derivatives from Equation 
(8), the acceleration is proportional to 

@? 
a9 = p (2 seca — Rseca -1, 0 
which is termed the acceleration factor. 










-Follower moves 
radially along OF -\._ 















0 
P= OF 
R=CF 
L= 0c 
f------------4p (A) 

















p=OF 
r=C'F 
1=0C' 


(B) 


_ 





Fig. |—(A) A diagram showing the geometry when the roller follower com 
tacts the cam along an arc of large radius. (B) A diagram showing the follower 
in contact with the nose of the cam where the radius is small. 
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sed to : : , 
uation Fig. 2—A diagram showing how a cam can be composed of 
. sectors of circles. Equations and analysis of the acceleration for 
one Sector may not apply to another and consequently each sec- 
(9) tor is studied separately. The acceleration changes abruptly at 
the points where the sectors join. | 
—1.6 
or. \ 
Fig. 3—Curves for finding the numerical value of factor \oo-"5 10 ~*S”SCa SSS 
— (2 sec?u —p sec’a/R— 1) when the angle a and the ratio of rie.3 Angle «, deg. 
the radii are known, 
The different circular arcs that make up measured from the initial radius OP. A set distance is changing, or 
the cam profile of Fig. 1 define sectors of of equations like Equations (1) to (9), in- Velocity, ft. per sec. = (d0/dt) {dp/dé) 
circles. Fig. 2 illustrates these sectors for clusive, can be derived for Fig. 1(B) just = (2x N/60) (p tana/12) 
half the cam profile. Sector 1 has its center as Equations (1) to (9) are derived for Fig. = 0.008727 N, ptana, (10) 
of curvature at the center of the cam; hence 1(A). Only the signs of some of the terms where N is r.p.m. and p is in in. The angle 
the follower will undergo no movement will be different. a can be computed since it is a function of 6, 
radially during contact with this sector. Selecting the minimum and maximum _ the angular position of the cam. It can be 
While the cam rotates clockwise through cam radii, suitable connecting radii and the obtained by layout with sufficient accuracy 
angle 6, the follower contacts sector 2 along diameter of the roller follower are so im- for calculations to find acceleration. 
arc PS. The center of curvature for this portant in cam .Jesign that an article could Likewise the acceleration of the follower 
sector is at C. The radius of curvature is be devoted to the discussion of the choice can be computed from the following equa- 
? larger than the minimum center distance of them. For the purposes of this discussion __ tion: 
| OF, so that in general p/R, as shown in the circular arcs are assumed to have com acceleration, ft. per sec. per sec. 
\ Fig. 1(A), is less than unity. mon tangents at the junction points, i.e., at _——— p 
, | While the cam rotates clockwise through __ points P and S, Fig. 2. This condition fixes = (2. N/60)? 75 (2 secta — “p secta — 1) 
j | the additional angle ¢, Fig 2, the follower the position of the center of curvature C = p 
contacts sector 3 along arc ST. The center.of for the cam in Fig. 2 when the lift is = 0.000914 N* p (2 secta — - secta — 1) 
| curvature for sector 3 is at C’ The radius specified. (11) 


of curvature is smaller than the center dis- 
tarce p so that p/r, as shown by Fig. 1(B), 


* 1s creater than unity. 


The position of the center of curvature 
not only determines the magnitude of p/R 
but also has an influence on some of the 
signs of certain terms that are chosen by 
the geometrical relations in the derivation 


Most centers of curvature can be estab 
lished by layout with sufficient accuracy fo: 
use in calculations to determine velocities 
and accelerations. When layout is not suf- 
ficiently accurate and in precision cam design 
where greater accuracy may be desirable for 
other reasons, centers of curvature can be 
found by trigonometry. 


whee N is r.p.m. and p and R are in in. 
Che curves of Fig. 3 permit the last factor 
of Equation (11) to be found with sufficient 
accuracy for most calculations of accelera- 
tion. 

Two examples will illustrate the use of the 
foregoing formulas in cam design. 


EXAMPLE 1. Let a cam like Fig. 2 be de- 


yer con- of the equations. Thus in deriving the equa- The radial velocity of the follower in ft. fined by dimensions OF, equal 3 in.; OC’ 
follower tions for sector 3, angle 6’, Fig. 1(B), is a _ per sec. is the product of the angular velocity equal 2.5 in.; C’F, equal 1.75 in.; and the 

more convenient choice than some angle of the cam and the rate at which the center angle F,OC’ equal 80 deg. The velocity 
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Defining eee 


OF, = 3.000 in. 
OC' = 2500 in. \ 
C'F, = 1.750 in. *y 
Angle F,0C'=80 deg. 











Computed dimensions: 
R = CF, = Cf, = 5.8728 in. 
8+ =80 deg. 

@ = 62° 20'; @=17°40' 





Fs 





(C) 


FIG.4 








Fig. 4—Diagrams illustrating the determination by sectors of the velocities and accelerations 


of a typical example. 


























































Fig. 5—Graphs showing the velocities and accelerations of 
a typical example. See Table | for numerical data. 


and acceleration of the follower center are 
desired when the cam is rotating at constant 
angular speed of 300 r.p.m. The total rise 
of the follower will be the difference be- 
tween radii OF, and OF,, which is 1.25 
inches. 

A semi-graphical solution can be used to 
advantage. It reduces the work required in 
the routine determination of parts of tri- 
angles without sacrifice in accuracy. It helps 
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in assigning correctly the plus and minus 
signs to terms in the equations. It serves as 
a check on the analytical calculations. 

For clarity the defining dimensions have 
been redrawn in Fig. 4(A). The first step 
in the solution is to find the radius R of the 
circular arc that will join the two circular 
sectors, which are defined by radii OF, and 
C’F,. Radius R will be tangent to OF, at 
F, so long as its center C lies along OF p ex- 


Fig. 6—A semi-graphical determination of the accelera- 
tions in which radii OF and the angles a are measured. 


tended. To fix accurately the point of 
tangency at F, is more difficult. An analytical 
solution to find point C often is desirable. 
In triangle COC’, Fig. 4(A), side OC is 
equal R minus 3, OC’ is 2.5, CC’ is R—! 7 
and angle COC’ is 100 deg. By the law of 
cosines R can be computed. It is 5.8728 in. 
in this example. Triangles of other dimen- 
sions can be solved in the same way. 
With C placed correctly along OF, a line 


1946 


Propuct ENGINEERING — MARCH, 














can be drawn through C and C’ accurately 
to fix F,. The radius OF, and angles ¢ and 6 
can be measured. If the angles @ and ¢ are 
divided into several equal parts, Fig. 4(B) 


the joining radius R is found readily from 
(R — 2)? = (R—2.5)?+ 1. (15 
The radii OF and the angles a are 

measured. They are tabulated in the table, 


Fig. 6. The values of f(a) for the corre- 
sponding ratios of p/R are obtained from the 
curves in Fig. 3. The graph of Fig. 6 shows 
the acceleration and deceleration. 


and 4(C), the radii OF, and angles a can be 
measured, from which graphs of the velocity 
and acceleration can be computed and 
charted. 





Table I—Velocity, Acceleration and Other Pertinent Data for Example 1 








‘ ‘ . : 2 seca 
Upon inserting N equal 300 pe. im Angle, Radius Angle p Velocity, Acceleration, 
Equations (10) and (11), the equations re- 6 Ps a, — ~p seca . agers 
duce to constants times the velocity and deg. min. in. deg. — min. *. sec “sec 
acceleration factors; namely, ee ; po per sec. 
Velocity = 2.618 p tana, ft. per sec. (12) ie 7 00 000 0 00 0 49 0 121 
Acceleration = 82.26 p (2 seca — 15 35 3.055 33 0.50 10.6 126 
p F ' 2 31 10 3.225 14 40 | 0.53 22.0 141 
. sec..a — 1), ft. per sec. per sec. (13) 46 45 3 519 0 5? 0 56 35 1 161 
62 20 3.959 25 40 0. 54 49 8 176 
The function of a can be found from the mers ; 
Boe Angle o tor 
curves, Fig. 3, for each set of values of p and p= 1.78 
a. The value of R is 5.8728 in. for the arc 17 40 3.959 25 40 —§ 63 49 8 “Soe 
z FF, which subtends angle 0, Fig. 4(B) and ; - : ti . = = re - 6 - a 
1(A). The radio p/R is less than unity. For . : sings sas ‘ 





the arc, F.F,, subtended by angle ¢, the 

value of r, Fig. 4(C) and 1(B) is 1.75 in. 

so that the ratio p/r, is greater than unity. 

The velocity and acceleration for the 

example are shown in Fig. 5. These curves 

| were plotted from the data in Table I, which 

| also contains other tabulated data obtained 

| during the solution. 
} 
} 
} 
| 
| 
} 
| 








A complete analytical solution of Example 
] is more time consuming than difficult. The 
ingle at C in triangle COC’, Fig. 4(A), can 
be found by the law of sines. The OF, in 
triangle COF, can be found and so on for 
the desired parts of other triangles. Some 
designers have found that the results of sev- 
eral examples, solved in detail and charted, 
are a great help in selecting the dimensions 
of cams of new design. 


EXAMPLE 2. Suppose a cam is wanted to lift 
a follower one-half in. in 90 deg. of cam rota- 
tion. The angular speed of the cam is 300 
r.p.m. and the maximum acceleration of the 
follower is not to exceed 125 ft. per sec. per 
| The dimensions of the cam and its 
performance characteristics are desired. 
| Ihe first step in the solution of this 
example is to select basic dimensions that 
will keep the acceleration within the pre- 
| scribed limits. This can be done by trial 
and error methods. Substituting the known 


quantities in Equation (11), the acceleration 
factor 1s 
era- p (2 seca — p sec’a/r — 1) = — 1.52 (14) 


If a is taken at zero, Equation (14) pro- 
vides a relation between p and r. There are 





t of in infinity of sets of p and r that will satisfy 

ytical the relation but the set chosen can be gov- 

le. ered largely by the dimensions wanted for 

C is the cam. A maximum » of 3 in. with an r of 

1.75 2 in. is taken as a set of dimensions of reason- 

iw of able proportions. 

5 in. The next step is to check the accelerations JeT power for the P-80 Shooting Star, speediest Army fighter, is developed by the General 

imen- fo: all values of a. This can be done graphic- Flectric 1-40 jet engine. The turbine produces 4,200 Ib. of thrust, is 48 in. in diameter and 
ally, Fig. 6 shows the dimensions layout. 1014 in. long. Above the cutaway is shown the fuel tank that is attached to each wing. 

a line The triangle COC’ is a right triangle so that Application of these parts can be seen in a detailed drawing of the P-80 on page 323. 
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MANY young engineers received their 
baptism as designers in a world of produc- 
tion for war, a world in which, if it seemed 
necessary, anything could be asked for— 
and obtained. These same engineers now 
find themselves in a world of production 
for peace, a world in which designs must 
justify themselves economically and _ stand- 
ard equipment must be used wherever 
possible. This is. particularly true in new 
or improved designs that use small sub- 
fractional horsepower motors. 
Sub-fractional horsepower a.c. motors, 
that is, those of 1/20 hp. or less, supply 
the driving power for the countless ma- 
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How to Apply 


ALFRED SKROBISCH 


chines and products used in industry and 
the home ranging from postage stamp dis- 
pensers to small air circulators. The charac 
teristics and construction of ihese motors 
are a specialized field and product design 
engineers may find some useful hints in 
the following fundamental considerations 
when they design these small motors into 
their products. 

The two most useful types of 60 cycle 
a.c. sub-fractional horsepower motors are 
the shaded-pole motor and the capacitor 
motor. Because the capacitor-start and split- 
phase motors are usually built for more than 
1/20 hp. they will not be discussed. 





Sub-Fractional Horsepower Motors 


Chief Research Engineer, Eastern Air Devices, Inc. 


Operating characteristics and physical requirements of small shaded-pole and capacitor 
type motors of |/20 horsepower and less are compared. Selecting the right motor for 
reversing service, effffect of power and speed on size, matching the torque characteristic 
of the motor to the load, preventing overheating, and cautions in applying synchronous 
motors are among the topics discussed. Diagrams and sketches stress important points. 


The shaded-pole motor is the least ex 
pensive of all a.c. motor types but has the 
lowest efficiency and power factor. It also 
has the highest slip; that is, it runs slower 
than other a.c. types with the same num- 
ber of poles. The capacitor motor has a 
relatively high efficiency and excellent power 
factor, but its form of winding is more ex- 
pensive and it requires a condenser perma: 
nently connected in its external circuit. 
Neither type require brushes and commu- 
tators, nor centrifugal switches. Both give 
trouble-free service with no sparking and 
no wear except in the bearings. 

A comparison of the characteristics of a 
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typical 1/50 hp. shaded-pole and 1/50 hp. 
capacitor motor is shown in Table I. It 
can be seen that the capacitor motor has 
the superior performance and is preferable 
where power factor and efficiency are major 
considerations. In the higher priced design, 
the capacitor motor is twice as efficient as 
the shaded-pole motor and has practically 
unity power factor. In the lower priced de- 
sign, the capacitor motor has the same 
general advantages, although to a lesser rela- 
tive degree. The high efficiency also 
means lower heat loss, and in many small 
products this may be necessary for satisfac- 
tory product design performance. Where 
heat: dissipation is unimportant and high 
power factor and speed are not critical, the 
cheaper, more easily connected shaded-pole 
motor is generally the better to use. 

High power factor motors in these small 
sizes have an insignificant effect on the 
power factor of the power supply line, but 
the attendant advantages of higher efficiency 
(lower heat loss) and higher full-load speed 
make them widely used. A 1/20 hp. motor 
may use a condenser rated at about 5 mf. 
and 330 volts a.c. Such a condenser will 
be at least 2 in. in diameter and 4 or 5 
in. long. It may or may not be fastened 
to the motor frame, but in any case, space 
must be provided for the condenser in 
the product being designed. A separate con- 
denser has the advantage that it may be 
placed anywhere within the product being 


designed, even if remote from the motor 
itself. 

Occasionally a product requires a small 
reversible motor, and then the capacitor 
motor is always used. Capacitor. motors 
are wound with two separate windings or 
phases, frequently with one end of each 
phase joined together to make a common 
lead as shown in Fig. 1(A). One winding 
then becomes the line phase since it is 
connected directly across the line. The 
other becomes the “capacitor phase” since 
it is connected through the condenser to 
the line. Reversing is done by changing the 
position of the switch in Fig. 1(A). This 













selects first one winding as the line phase, 
and then the other. When separate or 
differently wound phases are used, all four 
leads are brought outside the motor frame, 
as shown in Fig. 1(B). A reversing switch 
reverses the two leads of the capacitor phase 
and this reverses the motor. 

The shaded-pole motor with a single 
winding cannot be reversed. Some special 
types have wound and externally connected 
shading coils on each end of the motor 
poles, but they are seldom used in com- 
mercial applications. 

Providing sufficient space for the motor 


in any product is a cardinal point. On small 









Table I—Comparison of Characteristics of Typical Shaded-Pole and Capacitor 





Motors 





4-Pole, 60-Cycle, 115-Volt, 1/50 Hp. Motors 










Higher Priced Design Lower Priced Design 





Shaded-Pole Capacitor|/Shaded-Pole Capacitor 





Line Voltage 
Full Load Amperes 
NN niceSicisie aes 6-bukemanalee wis 
Watts Output 
Percent Efficiency 


Average Starting Torque in oz.-in 
Average Full Load Torque in oz.-in......... 
Full Load Speed in r.p.m 
Power Factor 


Rte itis Salts cits aieeareetets 115 115 115 115 
0.87 0.275 1.10 
60 30 75 43 
15 15 15 
25 50 20 
4.5 5 5 
13 12 14.5 : 

1,550 1,700 1,400 1,600 

0.60 0.95 0.60 
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dou ble- throw 
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Fig. |—Capacitor motors are generally 
used where reversing is required, (A) Ca- 
pacitor motor wound with two separate 
identical windings, using a simple switch to 
connect first one and then the other wind- 
ing as the line phase, thus reversing the 
motor. (B) One winding is permanently used 
as the capacitor phase, a double pole 
switch reverses the leads of the capacitor 
phase to reverse the motor. 


Fig. 2—Graphical comparison of the cubi- 
cal proportions of housing space required 
in a product for a 1/20 and 1/100 h.p. 60 
cycle capacitor type induction motor. A 
1/20 h.p. motor requires about 85 cu. in. 
and a 1/100 h.p. motor about 40 cu. in. 
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Fig. 3—Relative size of two sub-fractional horsepower motors, one having half the 
h.p. “— of the other. End turns of the coils and end bells require the same 


space; t 
tion in overall 


ngth. 


e ay saving is the 50 percent reduction in stack length, or 1/6 reduc- 
e 





Fig. 4—As the author tightens the string wrapped around the motor-driven 
drum, the scale indicates the ounces of pull exerted by the motor. Multiplying 
by the radius of the drum gives the ounce-inches of torque for the particular 
r.p.m., voltage, and current. The big weight is a zero-setting counterbalance. 


units, the fact that the driving motor can 
be easily the largest single component is 
sometimes overlooked. A standard a.c. 1/20 
hp. induction motor running at 1,725 
r.p.m. will occupy about 80 or 90 cu. in. 
of space. A 1/100 hp. motor of the same 
type may take up about 40 cu. in. The 
limiting dimensions in which this volume 
may be economically distributed is shown 
in Fig. 2, and most standard lines will show 
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within those limits. The 
sketches show the motor volumes in block 
form, instead of the usual cylindrical motor 
shape, because most available space in ma- 
chinery and various products occurs in this 
shape. 

Two-pole motors running from 3,000 to 
3,400 r.p.m. can be theoretically made 
somewhat smaller for the same power out- 
put than motors with more poles and run- 


those motors 





ning at a lower speed. However, most 
manufacturers have a heavy investment in 
dies and inventory for motor covers and 
end bells and similar parts, so they gen- 
erally use the same lamination diameters 
but with a decreased stack length. Similar 
reasoning prevails when comparing the con- 
denser type a.c. motor with the less efficient 
shaded pole motor. A comparison of these 
two types will be made later in this article. 

It is readily understandable that the power 
output of a motor of any type can be 
changed by changing the length of the stack 
of laminations which comprises the “work- 
ing iron” of the motor. For the same 
number of poles, and hence speed, the 
change is practically a direct ratio if the 
iron is being worked equally hard, mag- 
netically, in each motor. However, the 
product designer asking for a motor with 
half the power output of an existing motor- 
design, can not expect to save 50 percent 
of the previous motor volume. The lamina- 
tion stack is rarely more than half the 
volume of a motor; and, for narrow stack, 
it may be as little as one-quarter. 

A motor with its lamination stack com- 
prising one-third of its total length, when 
redesigned for one-half of its original output 
will have been physically shortened by only 
16% percent, as shown in Fig. 3. Add to 
this the natural reluctance of the motor 
manufacturers to carry an even greater num- 
ber of motor types with minor mechanical 
differences and it explains why several sizes 
of motors are customarily built in identical 
frame and lamination stack dimensions. 
Fig. 3 reveals the primary reason for the 
small dimensional change with power. The 
end turns of the coils do not change in 
size when the stack has narrowed, and the 
same end bells are used, regardless of the 
stack length. The greatest power output 
in any given motor size uses the lamination 
stack at its highest magnetic efficiency. 
Lower outputs make less use of the stack 
and generally are slightly less efficient as 
motors, although other factors may affect 
the final result. 

As mentioned previously, higher speed 
motors can often be made somewhat smaller 
for the same power output. This is notice- 
ably true in any comparison with a uni 
versal motor, running at 5,000 or 6,000 
r.p.m. and an a.c. induction motor run 
ning at 1,500 or even 3,000 rpm. Uni 
versal motors have commutators and carbon 
brushes and run at high speeds on d.c. or 
a.c. regardless of the frequency of the power 
supply. Product designers sometimes wish 
to eliminate the problems of brush and 
commutator maintenance and radio inter 
ference caused by sparking brushes. Assum 
ing that operating characteristics are accept 
able, they can substitute a.c. induction 
motors in their newly redesigned product 
if they provide sufficient additional space 
The a.c. induction motors will be abou! 
one-third larger in diameter or total length 
for the same output. The power of a motor 
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is the product of its speed and its torque. 
Greater stack length or greater diameter 
make possible greater torque. At double 
the givén speed for any power, the torque 
requirement is halved and the diameter or 
stack length can be reduced proportionately. 
Thus universal motors, generally running 
two to four times as fast as induction 
motors, are considerably smaller for the 
same output. 

The torque requirements of any motor 
driven product deserve careful attention. 
Sometimes the machine is difficult to start 
but thereafter runs easily. Sometimes only 
a low starting torque is required, but after 
starting, good full-load speed regulation is 
required. For either application, the speed 
torque characteristic of the motor must 
suit the load requirements of the driven 
machine. On the basis of horsepower, a 
motor may seem to be sufficiently powerful 
and yet it may fail because its particular 
speed-torque characteristic is not suited to 
the needs of the particular machine. The 
speed-torque characteristic of a sub-fractional 
horsepower motor is simple to determine 
and Fig. 4 shows one method. 

The standard design of small motors with 
squirrel cage rotors, both shaded-pole or 
capacitor type, will have a starting torque 
from 30 to 60 percent of full load torque. 
The 1/50 hp. motors shown in Table I 
have 35 to 40 percent starting torques. A 
speeded-torque characteristic for a typical 
motor is shown in Fig. 5(A). For driving 
fans and other loads with similar light 
starting duty these are satisfactory and rep- 
resent the majority of the small motor 
production. 

For certain types of geared loads and 
high inertia loads which require rapid ac- 
celeration, the starting torque must be as 
high as the full load running torque, as 
shown in Fig. 5(B). Such performance 
curves are obtainable in both the shaded- 
pole and capacitor motor, but at a sacri- 
fice in efficiency and full load speed. De- 
pending on the extent of the performance 





modification, efficiencies may drop 5  per- 
cent or more, and speeds may decrease 
from 50 to 200 r.p.m. Where these fac- 
tors are not critical, there is no reason why 
high starting-torque motors should not be 
considered if needed for any new or im 
proved designs. 

The problem of heat dissipation is always 
a serious one for the motor designer and 
sometimes also for the user of the motor. 
There are no codes or specifications extant 
directly applicable to these small motors 
and manufacturers guide themselves gen- 
erally by existing codes for larger motors. 
These small motors overheat easily but can 
be cooled with equal ease. A 1/50 hp. 
shaded-pole motor in a closed frame with 
no external cooling will reach the tempera- 
ture of boiling water in much less than 
an hour. With a zephyr of 300 or 400 
ft. per min. velocity passing over its frame, 
the winding temperature may never rise 
more than 40 deg. C. above the ambient. 


Or, with no breeze at all but strapped or 
fastened directly to a larger panel or cast- 
ing with excellent radiating characteristics 
as shown in Fig. 6(A), a small motor will 
show equally low temperature nse. Where 
the motor drives a propeller type fan 
drawing the air directly over the motor no 
cooling problem exists. Otherwise the 
manufacturer builds a_ self-cooled motor 
with its own fan, or the product designer 
supplies a cooling fan as part of his product 
design. 

However, the product designer may still 
have a cooling problem. For example, dif- 
ficulties may occur where the product being 
designed handles something sensitive to 
heat, such as some plastics or liquids, and 
the unit is fully inclosed. The heat from 
a motor is still confined within the unit 
and must radiate out through panels or 
casting walls. Here the higher efficiency 
and consequent lower heat loss of the capac- 
itor motor is a direct advantage. If even 
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Fig. 5—Typical speed-torque curves for 4 
(A) The most generally used motors provi 


— sub-fractional horsepower motors. 


e about half full-load torque for start- 


ing, and run about 1,700 r.p.m. at full load and about |,775 r.p.m. at no-load. 
(B) When required for best product performance, motors can be designed with 
100 percent full-load starting torque, although the full-load speed will be only 
about 1,550 r.p.m. and the no-load speed about 1,750 r.p.m. 
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Fig. 6—Sub-fractional horsepower motors overheat oe 
but can be kept cool with equal ease. (A) Where practical, 
cooling air should pass over the frames of motors and they 
should be bolted or strapped directly to metal panels or 


Propuct ENGINEERING — Marcu, 1946 


parts that will radiate the heat from the motor. (B) When 
motors are used inside totally enclosed units that have 
poor thermal radiating characteristics, simple louvers will 
usually keep the motor and the unit cool. 
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Fig. 7—Graphical representation of the synchronizing torque that a synchronous 
motor must furnish. For the balanced condition shown, even though the running 
load "D" remains the same, if the inertia of the driven machine is increased, for 
example by replacing aiuminum parts with steel, the motor will not be able to 
pull the load into synchronism, causing the motor to continue to operate as an 
induction motor and at sub-synchronous speed. 


that is too much heat, then some louvres 
or vents must be provided in the unit hous- 
ing as shown in Fig. 6(B). Otherwise any 
cooling of the motor is valueless since the 
heat could not escape. 

Many designers are planning to use syn- 
chronous motors for such products as sound 
recorders and timing devices of many sorts. 
Where induction motors have previously 
been used, it will be found that the syn- 
chronous motor of equal frame size and 
number of poles will have only about half 
the power of the a.c. induction motor, and 
usually a good deal less. This disadvantage 
of larger sizes for equal power, must be 
balanced against the advantage of absolutely 
constant speed regardless of load and volt- 
age fluctuations. 

Since the slower speed shaded-pole mo- 
tors make inefficient synchronous motors, 
synchronous motors of 1/20 hp. and less 
are generally of the capacitor type. Syn- 
chronous motor torques are equal to, or 
less than, that of the high-efficiency ‘capac- 
itor motors that can be built in the same 


frame: that is, about equal to their own 
synchronizing torque. A higher starting 
torque will cause loss of synchronizing 
torque. This is because of their construction 
which is simpler, but less efficient, than 
that of large motors using electromagnetic 
field windings. 

Because of its peculiar nature, a syn- 
chronous motor is also at a disadvantage 
driving a high inertia load. For two loads 
with equal full speed torque, one with high 
inertia and one with low inertia, the a.c. 
induction motor will accelerate the first more 
slowly than the second but will reach the 
same full load running speed in both cases. 
In contrast, a synchronous motor may bring 
the low inertia load up into synchronism 
quite rapidly, and yet may be entirely un- 
able to reach synchronous speed at any 
time with the higher inertia load. This is 
because jumping as much as 100 r.p.m., 
from the induction speed to the synchro 
nous speed, in the space of a half cycle at 
60 cycles per second requires a correspond 
ingly high angular acceleration of 12,000 





s 
r.p.m. per second. This angular acceleration 
multiplied by the total moments of inertia 
of the load and the motor’s own rotor de- 
termines the accelerating torque required to 
synchronize. The accelerating torque plus 
the load torque and bearing friction torque 
is the total motor torque required. Fig. 7 
shows these relationships. Thus a high 
moment of inertia added to a reasonably 
low load-torque may prevent the motor from 
synchronizing at all. Once in synchronism 





Table Il—Helpful Application Data 





Power Supply 
Line Voltage 
Frequency 





Performance Requirements 
Horsepower 
Speed at full load 
Starting torque in ounce-inches or in 
percent of full-load torque 
Duty cycles 
Continuous 
Intermittent: Specify time on and 
time off 
Reversing or non-reversing 
Mounting: Vertical, horizontal, etc. 





the motor is not affected by inertias. Al- 
though the motor may be able to furnish 
the running torque at synchronous speed, 
if it is unable to ever reach synchronous 
speed it cannot do the job. 

In general, designers requiring adjustable 
speed motors should not attempt to use 
a.c. induction motors of any sort but limit 
themselves to a.c.-d.c. universal motors. Only 
under certain special conditions, and then 
at a considerable sacrifice in motor efficiency, 
can an induction motor be made to operate 
at more than one speed. 

By understanding these general principles 
and specifying basic performance require- 
ments for small a.c. induction motors such 
as shown in Table II, product designers 
may avoid many of the difficulties involved 
in selecting the best motor for the many 
new products they are designing for the post- 
war world. 





Army Engineers Develop ‘Snake’ 


A METALLIC DEVICE designed to cut wires 
ind detonate mines ahead of an advancing 
Army, the “snake” was developed and con- 
structed by the Engineer Board. It takes 
the form of a long, metal trough, loaded 
with high explosives, with a pear-shaped 
metal “nose” which guides it to its desti- 
nation and insures passage over rough ter- 
train. The nose is slightly flexible, guiding 
the “snake” over rocks or around trees. 
The completed snake consists of two 
parallel linear explosive charges encased _ be- 
tween corrugated aluminum plates, bolted 
together to form a rigid assembly which can 
be towed or pushed by a light or medium 
tank. It is 400 feet long, 14 inches wide, 
5 inches high and weighs approximately 


9,000 pounds, which includes 4,480 pounds 
of high explosives. Each top and bottom 
plate is 9 ft. long, 14 in. wide, 1/8 in. 
thick and weighs 16 lb. Three-inch by 11/16 
inch steel bolts with washers and nuts to 
fit, are used in assembling the plates, 
which overlap. The washers are specifically 
shaped to insure a uniform bearing surface. 

The nose adapter connects the nose to 
the snake. It is fitted between the body 
plates at the forward end of the snake and 
is secured by two bolts which fasten the 
plates together. The pushing hook, by 
means of which thé snake is pushed into 
position, is welded to a steel bar, which has 
four bolt holes for attachment to the snake. 
A flat steel plate welded to the top of the 


hook bears against the belly of the tank 
during pushing operations. The assembly 
is bolted to the snake’s rearmost plate, start- 
ing with the second hole from the end. 
Special elliptical explosive cartridges are 
issued with the snake. There are 128 car 
tridges loaded in 320 feet of the 400 foot 
weapon, both ends having inert ballast for 
the protection of the handlers. 

The snake is exploded by an impact fuze, 
which is detonated by machine gun fir 
from the propelling tank. The impact plat: 
is luminous so as to facilitate night opera 
tion. In actual battle operation, the snak 
blast was effective in clearing a path suf 
ficiently wide to permit the advance of tan} 
without the hazard of crossing a mine fiel: 
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NEW BOOKS 





Waveform Analysis 


R. G. Maney, 275 pages, 54 x 84 in. Red 
clothboard covers. Published by John Wiley 
(& Sons. Inc., 440 Fourth Avenue, New 
York 16, Price $4. 


\ guide to the interpretation of periodic 
vaves, including vibration records. Sufficient 
etails are included of the basic theory and 
the methods of analysis, to enable the reader 
to acquire the essential groundwork of 
knowledge concerning the properties of 
complex waveforms, and to pursue the study 
of any particular method of analysis to a 
moderately advanced stage. 

I'he author presents in detail the envelope 
method of analysis. This method enables 
engineers to analyize recorded waveforms 
into their principal constitutents without 
recourse to mechanical contrivances, or to 
the more exact but cumbersome Fourier 
anaiysis method. 

The main divisions of the volume include: 
Sine-waves in combination, general proper- 
t of harmonic series, basic analvsis of 
recorded waveforms, the envelope method, 
icthod of superposition. Fourier series, 
numerical methods, mechanical and other 
ls to analysis, practical requirements for 


x f 


forms, and Lissajou figures. 


1] 


Production Illustration 


Joun Treacy, 202 pages, 94 x 113 in. tain, 
cloth-bound covers. Published by John 
Wiley and Sons, Inc., New York, N. Y. 
Price $4.00 

his book, designed primarily for the 
idy and guidance of technical illustrators, 
production plants specialized training classes, 
and schools and colleges, presents the prin- 
cipals and techniques of perspective illus- 
tration which have been confirmed by 
actual industrial use. Two aspects of per- 
spective illustration are covered; first, the 
actual preparation of production illustrations, 
the drafting and shading techniques, short- 
cuts, perspective methods, and reproduction 


+ 


aids, and second, the introduction and prac- 
tical application of illustration to the prob 
lems of industrial production. The effort 
has been directed away from bulky discus- 
sion and circumlocution, and toward a 


dir t, and concise treatment of the sub- 
ject matter. 


The Development of Mathematics 


E. T. Bett. Second edition, 637 pages, 


3 x 84 in. Red clothboard covers. Pub- 
lish d by McGraw-Hill Book Co., 330 West 
: nd Street, New York 18, N. Y. Price 


U 


§ 


sit 


his second edition contains about fifty 
pages of new material. The additions in- 
clude numerous short amplifications of mis- 
celianeous topics from Greek mathematics to 
iematical logic, with longer notes on 
symbolism, algebraic and differential geom- 
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etry, lattices, and other subjects in which 
there have been striking recent advances. 

The author has been guided in writing 
this book by requests from numerous cor- 
respondents for a broad account of the 
general development of mathematics, with 
particular reference to the main concepts 
and methods that have survived, and by 
personal association with creative mathe- 
maticians in both the pure and the applied 
divisions. 

The volunme is a narrative of the decisive 
epochs in the development of mathematics. 
Only main trends of the past six thousand 
years are considered, and these are presented 
only through typical major episodes in each. 
Briefly, the reader is told how the mathe- 
matics familiar to him got where it is, and 
where it is going from there. 


Pulsed Linear Networks 


Ernest Frank, Garden City Research Lab- 
oratories, Sperry Gyroscope Co., Inc. First 
edition, 267 pages, 54 x 84 in., blue cloth 
board corners. Published by McGraw-Hill 
Book Co., 330 West 42nd St., New York 
18, N. Y. Price $3. 


An introduction to electrical transients 
with particular emphasis upon the analysis 
and operation of linear networks across 
which rectangular voltage pulses are im 
pressed. Mathematical analysis is confined 
entirely to differential equations and _ the 
results are correlated closely with the phy 
sical phenomena they describe. Funda- 
mentals of circuit operation are stressed and 
explained in detail. 

This book deals with fundamentals, and 
little emphasis is placed upon practical 
applications except in the last chapter. The 
results should be useful to both power and 
communication engineers since many of the 
transient problems are fundamentally the 
same in the two related fields. The prob- 
lems at the end of each chapter are not 
“practical” problems. They are primarily 
exercises that illustrate fundamental prin- 
ciples and should help the student. 


The Automotive Chassis 


P. M. Herptr 583 pages, 5 x 83 in., red 
clothboard covers. Published bv P. M 


Heldt, Nyack 9, N. Y. Price $6. 


This volume completes a series on auto 
motive subjects, which includes three other 
volumes. Designed both as a handbook for 
engineers and a textbook for engineering 
students this book covers the design of the 
automotive chassis and component parts 
with the exception of the powerplant, clutch 
and transmission. 

General considerations relating to chassis 
layouts and the power required for propul 
sion and acceleration are discussed first. 
These discussions are followed by the spe 
cific design of the frame and component 
parts such as front and rear axles, steering 
gears, brakes, suspension systems and wheels 
and tires. 

Rules for proportioning parts are given in 
most chapters as well as illustrations of 
many different designs. Formulas are de- 
veloped from basic principles to aid students 
in understanding how they were obtained or 
to indicate to engineers the methods used 


in past solutions, should it be necessary to 
make an original solution. Many designs are 
analyzed as to why they were abandoned 
and the reasons are explained. 


Basic Electrical Engineering 


A. E. Firzceraup, Associate Professor of 
Electrical Engineering, Massachusetts Insti- 
tute of Technology. First edition, 434 
pages, 54x84 in., 20 chapters, 268 illustra- 
tions, green clothboard cO¥ers. Published by 
McGraw-Hill Book Co., 330 West 42nd St., 
New York 18, N. Y. Price $4. 


In this textbook approximately equal em- 
phasis is given to: Circuit theory, machinery, 
and electronics. In both the machinery and 
the electronics treatments, the introduc- 
tory chapter presents an integrated and uni- 
fied physical picture of the Specific field. 
The two concluding chapters are devoted 
specifically to instrumentation and control. 
Sample problems-and-solutions are used 
generously throughout the text. Each of the 
20 chapters is supplemented by a set of 
practical practice questions and problems 
that stress engineering applications and eco 
nomic implications. The author assumes that 
the student already has the background af- 
forded by a basic course in college physics, 


but no knowledge of alternating currents. 


Lessons in Arc Welding 


Tur Lrncoitn Execrric Co., 7th printing, 
2nd Ed., 176 pages, 54 x 84 in., maroon 
semi-flexible covers. Published by the 
Lincoln Electric Co., Cleveland v, Ohio. 
Price within continental United States 50 
cents, elsewhere 75 cents. 


A revised and up-to-date instructicn book 
covering all phases of arc welding. The 
book includes 61 lessons and has over 200 
photographs and illustrations to supplement 
the text. It is published with the expressed 
objective of aiding those interested in weld 
ing to use the process successfully and 
economically, and explains in detail the 
fundamentals of joining metals by the 
fusion principle Information is_ likewise 
contained on the application of the latest 
tvpes of electrodes and welding techniques 
developed during the war years. Over 570 
examination questions and answers on arc 
welding practice are included 


Standard and Emergency 
Machine Shop Methods 


Frep H. Corvin and Franx A. STANLEY. 
333 pages, 5x8} in., blue cloth-board covers. 
Published by McGraw-Hill Book Co. 330 
West 42nd St., New York 18, N. Y 


Price $3.50. 


Written to give engineers a general idea 
of machine-shop operations, this book begins 
with an outline of the different operations 
that machine shops are asked to perform. 
Standard methods of handling work on dif 
ferent machine tools are described. Indi 
vidual chapters describe the principal ma- 
chine tools and their operations. Following 
the standard machine-shop operations the 
authors describe many different operations 
that were performed, by other than standard 
methods, to meet war emergency problems. 
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Hydraulic Power Assemblies 


The Denison Engineering Co., Colum- 


bus, Ohio. 


These individually “packaged” Multi-Unit 
press components include pumping units in 
two models, and five models of power heads, 
all designed for mounting on machinery in 
positions where their pressing actions can 
be best utilized. They can also be mounted 
upon a standard Multi-Unit frame, which 
permits a variety of positioning arrange- 
ments of both pumping units and power 
heads. The pumping unit incorporates an 
electric motor, hydraulic pump, pressure 
regulating valve, reservoir for the hydrau- 
lic fluid, and oil level gauge. It is available 
in 4 and 6-ton capacities, both having the 
same dimensional specifications, and may be 


256 


located anywhere adjacent to the hydraulic- 
ally-powered machine which it will serve, 
or to the Multi-Unit power head. The Mul- 
ti-Unit power head is designed for applica- 
tion directly to the machinery, or for mount- 
ing upon the standard Multi-Unit frame. It 
incorporates hydraulic cylinder and ram, 
hydraulic contro! valve, control lever, and 
ram action control devices, all of which are 
fully enclosed. ‘Travel of the power head’s 
ram may be regulated between a minimum 
stroke of 1/32 in. and a maximum stroke of 
6 in. When mounted upon the standard 
frame, the power head may be adjusted by 
spacers, between it and the frame, to obtain 
three different depths from ram centerline 
to throat of the frame, those depths being 
3-1/2, 6 and 8 in. Three sizes of standard 
bolsters coincide with these three throat 
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depths. Maximum daylight opening is 24 


in.; minimum is 12 in. ‘The standard Multi- 
Unit frame may be used in any of four po 
sitions; horizontally at two different heights, 
by means of standard legs, which are avail 
able in two lengths; vertically, through use 
of the standard feet; and vertically tilted, 
using the same feet. The vertically tilted ar 
rangement may be at either a 10 deg. or 20 
deg. tilt. 


Enamel Stripper 
Dept. PE, 442 Elm St., 


Haven, Conn. 


Enthone Co., 
New 


Synthetic enamels such as alkyds, melamine, 
and urea formaldehyde coatings are readily 
stripped with this material, Enthone Enamel 
Stripper S-300. The product can be used for 
stripping of these and other coatings opera 
ted full strength at room temperature, and it 
also strips when used diluted with water 
and the mixture heated in the temperature 


range of 150-180 deg. F. Enamels are 
stated to be removed by a wrinkling action 
leaving the work clean and bright. ‘There 1s 
no attack upon the base metal and such 


active metals as aluminum, zinc, and tin are 
unharmed. Phosphate coatings and ano 
dized coatings are likewise claimed to be un- 
harmed by this stripper. 


Hydraulic Valve 
Gerotor May Corp., 


Logansport. 1 


The valve stem of this unit is supported 1n 
bearings in the valve covers without influ 


ence on the piston fit in the valve 
Minimum leakage is gained not only trom 


this close fit of the piston with the vive 
bore, but also from an “O” ring seal cesign 
which prevents exhaust oil from leaking past 
piston stem. An “QO” ring seal on th ve 
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covers assures sealing with no gasket. ‘Thes¢ 
hydraulic valves are suitable for oil service 
with pressure to 1500 Ib. per sq. in., and 
in be furnished for 2500 to 3000 Ib. pei 
sq. in. oil service. For high pressure water 
service, valves can be supplied with non 
corrosive materials. ‘They are offered with 
four types of action: standard, spring return, 
spring centered, and ball detent; 5 piston 
designs; 6 types of operation: hand, foot, 
cam, solenoid, oil pressure and air pressurc 
operated; 7 sizes: 1/4 in., 3/8 in., 1/2 in., 


3/4 in., 1 in., 1-1/4 in. and 1-1 


Z mn: 


Pressure-Controlled Switch 


Mu-Switch Corp., Inc., 380 Pequit St., 
Canton, Mass. 


3 5/8 in., is for regulating or indicating 
id pressures, or for controlling electrical 
circuits whose operation is to be co-ordi- 
nated with changes in the pressure of a liquid 


his switch, measuring 1 in. x 2 15/16 in. 
u 


7 
x 
fl 


or gas. The electric control element is a 
standard, single-pole, double-throw Mu 
Switch. For industrial applications, it is 


furnished with a ‘Type M Mu-Switch 
rated at 15 amperes 125 volts a.c. to 
2 amperes 600 volts a.c. or 1/2 h.p. at volt- 
ages to 460 a.c. For aircraft, and other 
low voltage d.c. applications, the pressure 
switch is furnished with a standard Type A 
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Mu-Switch having a maximum current rat 
ing of 25 amperes at 28 volts d.c. The hub 
for electrical conduit connection has an in 
ternal half-inch pipe thread. The pressure 
sensitive portion of the switch assembly con 
sists of a metal bellows soldered into a brass 
tube which is securely attached to the metal 
housing that contains the electric circuit 
element. The upper end of the pressure 
chamber has a standard half-inch pipe thread 
for attachment to the pressure line. This 
unit can be furnished for operation with 
a differential of 5 to 15 Ibs. at nominal rat 
ings of from 10 Ibs. to 120 Ibs. per sq. in 
The pressure chamber is made of a corrosion 
and heat-resisting material, and the unit can 
be safely operated at temperatures to 300 


deg. F. 


Repeat Cycle Timer 


Photoswitch Inc., 


Broadway, Cam- 
bridge, Mass. 


This unit, Type 2T15U, is designed for 
machinery and process control. It is recom- 
mended for applications requiring two 
adjustable timing periods to run in a con- 
tinuous cycle. The cycle is initiated by ei- 
ther momentary or sustained contacts, and 
provision for automatic recycling is provided. 
Each timing period is adjustable from 
1/20th second to two minutes. Control is 
accomplished through snap-action relays. 
Interval variations in repeat cycle timing are 
less than 2 percent. Type 2T15U is um 





versal for six maximum time ranges from 
1.5 seconds to two minutes for each period 
of the cycle. Each range is represented by 
a timing element which is snapped. into a 
clip on the front of the control. The timer 
may then be set by dials located either on the 
timer itself or in a small housing at a more 
convenient location. It operates on 115 volts 
a.c: or d.¢. 


Adjustable Indexet 


Brown — Instrument 
delphia, Pa. 


Company, Phila 


A pneumatic receiver with two mechanisms, 
of “span” and “zero” shift added. The span 
or proportional adjustment permits a change 
between the span through which the instru- 
ment control point is moved and the change 
in transmission pressure which moves the 
control pomt. Span dial is calibrated in 
terms of the distance in per cent of full 
scale that the control index will move along 
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the chart per full scale changes in pressure. 
Span is the multiplying and dividing adjust 
ment. The zero, or linear, adjustment adds 
or subtracts a constant value. The zero dial 
is calibrated in terms of full scale and moves 
the zero position along the chart. This ad 
justable indexet has the following character 
istics: (1) Span adjustment, 0 to 200 per 
cent; (2) Zero shift adjustment, minus 100 
to plus 100; (3) Readily accessible adjust- 
ments without chart disturbances; (4) Con- 
trol point is undisturbed when making ad 
justments; (5) Direct action; (6) Limit 
stops prevent the contro] index from ex 
ceeding any desired limits. 


Lock Nut 
Faultless Caster Corp., Evansville, Ind 


\ one-piece metal lock nut available in 
standard sizes to National coarse and fine 
thread specifications. When this unit is 
tightened, it breaks the thin web section 
between the washer and the nut, thus allow 


ing the cone section to br compressed in 
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side the washer. As the cone section is 
wedged its full distance within the locking 
element, pressure is evenly distributed 
around the mating bolt threads. The pres 
sure applied by the cone grip to both sides 
of the mating threads prevents leaking 
through the nut. This nut is not affected 
by high or low temperatures and can be 
plated, sprayed or painted before or after 
application. It is the same height, when 
locked, as a standard nut and washer. 


Pressure-operated Switches 


Meletron Corp., 950 North Highland 
Ave., Los Angeles 38, Calif. 


Various models of this switch will operate 
from 30 inches of vacuum to 5,000 Ib. per 
sq. in. Type “A” unit illustrated incorpor 
ates a Micro switch and is suitable for fixed 
pressure differential applications, to oper- 
ate from 25 to 3,000 Ib. per sq. in. Mini 
mum differential pressure of unit shown is 
25 lb.; minimum operating pressure toler 





ance is plus or minus 10 Ib. All adjustment 
screws are made accessible by removal of a 
dust proof cover. Other pressure switches 
available are capable of carrying heavier cur- 
rents and operating at differential pressures 
to and including 1,000 Ib. per sq. in. 


Portable Wheatstone Bridge 


The Winslow Co., 9 Liberty St., Newark 
>, M. I. 


A compact instrument suited to laboratory, 
production or communication measure- 
ments. All contacts are enclosed. The limit 
of error for the ratio resistors is 0.05 per 
cent. Ratios of 1/1000, 1/100, 1/10, 1/9, 
1/4, 1/1, 10/1 and 100/1 are clearly marked 
for rapid selection. Additional ratios of 
M/1000, M/100 and M/10 are provided 
for looping line faults. A cam switch with 
three positions sets the bridge for the various 
loop tests. The galvanometer is a replace- 
able unit provided with a clamp lock. Coil 
resistance 1s 250 ohms. Soft iron pole pieces 
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assure linear response. Sensitivity is 1 micro 
amp per scale division deflection. 


Ihrec 
push buttons select a like number of sensi 
tivity ranges to protect the galvanometer 
These provide sensitivities of .01, 0.1 and 
1.0. The switches are wired to protect the 
galvanometer against switching surges. Re- 
sistances in excess of 100,000 ohms can be 
measured by connecting an external battery 
to the battery binding posts mounted on the 
panel. Resistance measurements under one 
ohm can be measured provided precautions 
are taken to eliminate lead resistances and 
external contact resistance. This bridge can 
also be supplied uncased for inclusion in 
complete equipment panels and _ bays. 


Porcelain Enamel 
O. Hommel Co., Pittsburgh, Pa. 


“Tite-Wite,” is an opaque white cover coat 
in both regular and acid resisting types. It 
can be applied nearly as thin as the best or 
ganic paint finishes, and reflectance readings 
of 75 to 80 percent and over are claimed 
when applications of 15 to 20 gm. per sq. 
ft. are applied. 


Stainless Steel 


Carnegie-Illinois Steel Corp., Pittsburgh, 
Pa. 


This heat-treatable steel of the 18-8 type 
makes available the high strength and cor 
rosion resistance of 18-8 in all wrought and 
cast forms, regardless of size or shape. In 
the annealed condition Stainless ““W” ordin 
arily has a hardness of 22/28 Rc, a tensile 
strength of 120,000/150,000 Ib. per sq. in. 
and a yield strength of 75,000/115,000 Ib. 
per sq. in. By proper heat treatment the 
hardness can be raised to 39/47 Rc, the ten- 
sile strength to 195,000/225,000 Ib. per sq. 
in. with a yield strength of 180,000/210,000 
Ib. per sq. in. This steel can be processed 
successfully in standard equipment and no 
difficulty will be experienced with warping 
or dimensional changes in the course of heat 


treating operations. It is readily fabricated 
by spot welding and high joint efficiencic 
can be secured by metallic arc, atomic hy 
drogen and heli-arc welding operations, par 
ticularly when solution annealing followed 
by aging is employed as a_post-weldins 
treatment. Machinability, according to shop 
tests, is slightly better than that of austen: 
tic 18-8 stainless steel. Unlike most othe: 
types of 18-8 stainless steel, Stainless “W” 
is strongly magnetic. 


Pipe Line Strainer 
J. A. Zurn Mfg. Co., Erie, Pa. 


In this pressure and suction pipe line strainer 
the total area of the strainer basket perfor 
ations exceeds the area of the opening of 
the inlet by more than a 1.5 ratio. An air 
pressure relief valve, mounted on the cover, 
permits the escape of air that builds up 
within the unit and impedes the operation 
of the strainer and other pipeline mechan 





isms. The unit can also be furnished with 


a magnetized strainer basket for intercepting 
ferrous metal particles too small to be inte! 
cepted by the strainer. These Pipe Linc 
Strainers are hydrostatically tested to meet 
various service pressures. Available for cithet 
high or low pressures, high pressure strain- 
ers have a removable drop-bolted cover while 
low pressure strainers have yoke-clamp co\ 
ers. Strainer basket is removable for clean 
ing. The unit is also available with a clean- 
out plug for blow-down cleaning when 
practical. Manufactured in cast bronze, 
steel, semi-steel, iron, or alloyed metals. 


Plastics Reinforcement 
Owens-Corning Fiberglas Corp. 


In laminates having complex curvatures, it 1S 
claimed an unbroken surface with an attrac- 
tive texture can be obtained by using the 
stretchable knitted Fiberglas cloth as a sut 
facing material to cover standard Fiberglas 
cloth reinforcements that must be tailored, 
Marcu, 1946 
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or cut, to conform to given curvatures. ‘The 
knitted cloth can also be used in combina 
tion with Fiberglas mat reinforcement to 
make the mat conform to extreme curva- 
tures. ‘The mat is placed between two plies 
of the knitted cloth and the cloth is then 
stretched, by pulling on the edges, to con- 
form to the curvature. Since the Fiberglas 
cloth is knitted on a tubular machine, it 
has to be slit to make it one-ply. Specifi- 
cations are: width, 34 inches, flat tubular; 
weight per square yard, 9.7 ounces; weight 
per linear yard, 18.3 ounces; bursting 
strength, lb. per sq. in. (approximate), 169; 
thickness, standard textile guage, 0.021 inch; 
stretch, 31 per cent. 


Flame Failure Safeguard 


Combustion Control Corp., 77 Broadway, 
Cambridge, Mass. 


Fireye safeguard Type FI18T consists of 
1 phototube and amplifying system, housed 
in a dust-tight aluminum case. The entire 
control is mounted directly on the furnace 
wall and is aligned in a manner which per 
mits the photoelectric cell to observe the 





fame through a 2” pipe connection which 


serves as both a sighting tube and a support 
for the equipment. A clear pyrex filter keeps 
the equipment dust-tight and is mounted 
on a hinged shutter which permits it to 
be cleaned without shutdown. A heat-ab 
sorbing filter in the lens system and a baffle 
system protects Fireye from all radiated heat. 
Fireye phototube permits operation at high 
ambient temperature. A pilot light which 
can be viewed through an angle of 180°, 
ind a time delay element which prevents 
the relay from dropping out during purely 
transient flame disturbances are included. 


Transmitting Triode 


Taylor Tubes, Inc., 2312 Wabansia Ave., 
Chicago, III. 


The Taylor 833A tube contains a zirconium- 
coated anode with the zirconium coating 
sprayed only on that part of the plate which 
is most subject to heat during operation. 
Maximum signal outputs are: as Class B 
modulators (pair)—2700 watts; as RF Class 
B amplifier, telephony—250 watts; as RF 
Class C amplifier, plate-modulated—1500 
watts; and as RF Class C amplifier, teleg- 
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raphy—1600 watts, Physical dimensions: 
Diameter—4-19/32 in. max.; Height—s8 
5/8 in. Grid and plate caps at top: 5/8 in. 
long by .567 in. diameter. Two filament 
caps at bottom: each 1-3/32 in. long by 
3/8 in. diameter. Electrical characteristics: 
Filament (thoriated tungsten) 10 v. (a.c. 
or d.c.) at 10 amperes. Amplification fac- 
tor: 10. Interelectrode capacitances: G-F 
12.3 mmf. G-P 6.3 mmf.; P-F 8.5 mmf. 
‘Typical key-down conditions per tube, Class 
C, RF amplifier & oscillator: (ICAS ratings 
with forced air cooling) d.c. plate volts— 
4000 v.; d.c. grid volts—minus 225 v.; peak 
RF grid voltage—415 v.; d.c. plate current 
—0.5 amps; d.c. grid current—95 MA (ap 
prox.); driving power—35 watts; power out- 
put—1600 watts; highest frequency for max- 
imum ratings—20 MC. 


Shut-Off Valve 


Ross Operating Valve Co., 6495 Epworth 
Blvd., Detroit 10, Mich. 


This valve is recommended for use in gas 
and low pressure liquid lines. Advantages 
claimed by the manufacturer include: (1) 
Full flow design. (2) Quick acting opera 
tion. (3) Locks automatically in both closed 
or open position. (4) Positive shut-off, 
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line pressure provides leakproof seal. (5) 
Position of shut-off lever indicates whether 
valve is closed or open. Four. standard 
sizes are available, 1/4 in., 3/8 in., 1/2 in. 
and 3/4 in. 


Transmitting Triode 
Eitel-McCullough, Inc., San Bruno, Calif. 


The 3x100A11/2C39 transmitting tube is a 
miniature external anode triode, for appli- 
cations requiring to 25 watts of power 
at frequencies above 500 megacycles. Its 
construction, high transconductance, and 
100 watts of plate dissipation make it use- 
ful over a range of frequencies, either in 
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fixed or mobile equipment. It has an in- 
directly heated cathode with a 6.3 volt 
heater. The overall height is 2 3/4 in. and 
the diameter is 1 1/4 in. 


Foot Control 


Redmer Air Devices Corp., 601 W. 
Washington Blvd., Chicago, IIl. 


A foot pedal designed to make its operation 
as tireless as possible. The opening and 
closing of the plunger of the valve on the 
footpedal is operated by a roller on the 
pedal casting. The valve can be removed 
from the faot control and used as a separate 
unit in conjunction with cam operations. 





Phosphorescent Molding Com- 
pounds 


Monsanto Chemical Co., St. Louis 4, Mo. 


These Lustron materials are an application 
of phosphorescent compounds in _polysty 
rene molding materials. After exposure to 
sunlight or other illumination, molded parts 
glow visibly for 6 or 8 hours. There is also 
some fluorescent effect while under illum 
ination by black-light or other sources. The 
Lustron materials are available in phosphor- 
escent colors of green, green-blue, blue and 
bright blue. Daylight colors range from 
green to gray. The materials are subject to 
the same supply restrictions as applied to 
other thermoplastic molding materials. 


Electric Motors 


Small Motors, Inc., 1308-22 Elston Ave., 
Chicago 22, Iil. 


Two four-pole shaded pole fractional h.p. 
motors, the SP-37 and SP-38, developed for 
duties requiring moderate torques. They are 
regularly wound for 115 volts, 60 cycle, 
single phase, and can be wound to stand 
locked rotor conditions continuously. They 
have laminated field and rotor cores and ball 
or oilless bearings. Available with or with 
out fan blades, mounting brackets or bases 
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These motors are each made in four sizes: 
the SP-37 with ratings from 1/100 to 1/40 
h.p. and speeds from 1400 to 1650 r.p.m., 
the SP-38 with ratings from 1/35 to 1/10 
h.p. and speeds from 1400 to 1650 r.p.m. 


Pipeline Strainer 
J. A. Zurn Mfg. Co., Erie, Pa. 


A duplex vertical chamber disc type pipe 
line strainer, designed to assure continuous 
flow in pipelines, and operated by a hand 
wheel that reverses valves simultaneous with 
minimum pressure drop. Capacity flow is 
assured at all positions of the operating hand 
wheel. The eccentrical position of the 
strainer basket with respect to the basket 
chamber is such that the flow section is 
proportional to the flow needs at all points, 
thus minimizing pressure drop. Removable 
covers provide access to the basket chamber 
and facilitate cleaning. Handholes above 
each valve assembly permit servicing of the 
valves without removing the strainer. This 
unit is made in cast bronze, steel, semi 
steel, and cast iron; the basket, of perforated 
brass, monel, or other specified metals. 


Electronic Test Equipment 


United Cinephone Corp., 
Conn. 


Torrington, 


The “B” Sweep Calibrator Model No. 8127 
for radar and television test work is equipped 
with marks for use in calibrating the sweep 
speed of a synchroscope or triggered oscillo 
scope. The markers consist of short video 
pulses, of less than 1/2 microsecond dur- 
ation, spaced apart by a known number of 
microseconds. A switch permits choice of 
four different time intervals between cali 
bration markers; 2.5, 10, 50, and 100 micro 
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seconds. ‘lhe markets have an amplitude 
of 40 volts, with choice of polarity, and the 
trigger pulse, internally generated, has a 
choice of polarity. The positive trigger has 
an amplitude of 120 volts; negative 65 volts. 
The repetition rate is continuously variable 
by means of a calibrated control from 2000 
to 3000 c.p.s. 


Temperature Control 


Paul Henry Co., 2037 South La Cienga, 
Los Angeles 34, Calif. 


‘The model shown has an adjustable range 
applicable to the control of water heaters. 
A choice of adjustable ranges is also 
available between minus 50 degrees and 
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plus 600 deg. I’., with differentials as low as 
1 deg. F. ‘The Cam-Stat may be clamped on 
the tank or the element may be immersed in 
water. A variety of mounting means 
is available for adapting the unit to the con 
trol of air, gas, liquid or solids. The unit 
has double break snap action contacts with 
a rating of 12-amperes, 115-volts a.c., or 28- 
volts d.c., available in S. P. S. T., S. P. D. T. 
or S. P. D. T. Independent Circuit. 


Air-flow Gage 
The Sheffield Corp., Dayton 1, Ohio 


This gage measures through air velocity in 
stead of pressure. It is used in the checking 
of small and long bores, and is especially 
recommended for checking outside, internal 
and average diameters, eccentricity, bell 
mouth, out-of-round, thickness, and straight 
ness, as well as width, length, height and 
depth. No special skill is required of the 





operator. ‘The “Precisionaire” is availabl 
in a range of amplifications from 1000 to 1, 
to 25,000 to 1. ‘The latter unit is calibrated 
with a scale reading in increments of fiy 

millionths of an inch. 


Surface Preparations 


American Pipe and Construction Co., 
P. O. Box 3428—Terminal Annex, Li 
Angeles 54, Calif. 


These surface treatment solutions are fo 
use where shot or sandblasting is impractical 
The adhesion of the protective coating 

claimed to be excellent where applied over 
a zinc, copper or brass surface properly pr« 
pared by these two methods, Amercoat No 
59, a preparation for zinc; and Amercoat 
No. 60, a preparation for copper and brass. 


Check Valve 


Grove Regulator Co., 6501 Green St., 
Oakland 8, Calif. 


Operation of this valve is effected by a 
synthetic rubber tube, stretched over a 
slotted, cup-shaped metal core, which ex 
pands to open and contracts to close. This 
‘expansible tube closes instantly on balanced 
flow, prior to the commencement of back 
flow, hence it is claimed there is no tendenc\ 





to establish pressure impulses, shock or water 
hammer through the flow line. ‘This um 
is particularly suited for handling corrosive 
and erosive air, gases or liquids. 


Vibration Shock Mount 


Robinson Aviation Inc., Terboro At 
Terminal Teterboro, New Jersey 


\ damping system, snubbing system ind 
. z “ee . hi Pees 
electrical bonding are integral in this unt. 
. . = t 

It is claimed that tests average 90 percent 


absorption of vertical and lateral vibrations 
over a wide frequency range. ‘The cutaway 
view shows 1) the principal load! ring 
stainless steel spring with three-way freccom 
of motion; 2) built-in damping mechanism 


° ° e 1 
to eliminate low freqency oscillation and 
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minimize resonance at critical frequencies; 
3) built-in three-way limiting snubbers fur- 
nishing a stop to limit heavy load shocks; 
4) metal housing with standard attachment 
holes in base; and 5) a load-carrying cen- 
tral stud tapped for standard machine screws. 
Available in three standardized sizes for load 
requirements from 1/2 to 45 Ibs. 


Air Separator 
[he Swartwout Co., Cleveland, Ohio 


A separator for removing moisture, oil, and 
scale from compressed air. Air entering the 
inlet is diverted to the inner wall of 
the round body and unwanted substances 
whirl out of the air stream and drain to the 
bottom. The cleaned air may be taken off 
horizontally or vertically from pipe-tapped 
ports. An integral float-operated trap re 





leases condensate automatically. Separator 
is made of high-tensile iron; interior parts 
of corrosion-resisting materials. Bottom eas- 
ily removed if necessary for cleaning. Made 
in three sizes for varying capacities and with 
a range of pipe connection sizes. 


Rotameter 


Brooks Rotameter Co., P. O. Box B-1246, 
Lansdale, Pa. 


Chis unit is designed especially for the cor- 
Tosive conditions encountered in the process 
industries. It is available in sizes from 1/8 
m. to 4 in. with screwed or flanged connec- 
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tions. With a metal tapered tube, it can be 
used for pressures as high as 600 Ib. per sq. 
in. The meter is made in iron, brass, and 
stainless steel. In addition, several materials 
such as Hastelloy, aluminum, lead, and hard 
rubber, can be furnished. The Full-View 
meter can be obtained as a simple flow rate 
indicator or with remote instrument for re- 
cording or recording-controlling-flow rate. 
Flow totalization can also be included. 


Air Valves 


Mead Specialties Co., 4120 N. Knox 
Ave., Dept. P-1044, Chicago 41, IIl. 


In these combination 3-way or 4-way valves, 
the poppet-type valve seals are lined with 
synthetic rubber and the cam _ followers 
require 1/16 in. movement to operate the 





valve from fully open to fully closed. ‘Vherc 
are no sliding closures and no line filters 
are required. Three models are availabl 
No. 4WB for bench use, No. 4W for foot 
control and No. 4WC for cam operation. 


Plastic Material 
Engineering Associates, St. Charles, Ill. 


This material, ‘Palestic,” is an inexpensive 
product having properties and_ attributes 
midway between those of stone and plastic. 
The process for making “Palestic,” involves 
no special equipment nor facilities. “‘Pales 
tic,” adhears to other plastics such as Lucite 
or Plexiglass, Styrene, Cellulose Acetate and 
Bakelite as well as to metals, wood, and 
glass. It is about ten times more resistant 
than plaster to penetration by water, and can 
be sanded, sawn, and polished. 


Sound Projector 


University Laboratories, 225 Varick St., 
New York 14, N. Y. 
The Model RBP-12 illustrated and a smaller 
RBP-8 are infinite baffle housings for cone 
type loudspeakers. ‘Their infinite baffle 
design is claimed to provide excellent low 
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frequency response. Both speakers are rub 
bertim damped to eliminate mechanical 
resonance. ‘l'ypes RBP-12 and RBP-8 are 
engineered for 360 deg. sound dispersion 
and incorporate construction features that 
are claimed to reduce undue sound concen 
tration directly beneath the speaker. 


Swivel Pipe Coupling 


Snyder Sales Corp., 5225 Wilshire Blvd 
Los Angeles 36, Calif. 


The All-flex ball bearing swivel pipe coup 
ling has a male and female element into 
which identical double ball races are cut. 
When assembled with grade 1 or 2 steel 
balls, the double rows of bearings lock these 
two elements together. This unit has low 
torque and free rotation at all pressures. 
Ihe packing system consists of a synthetic 
rubber gland vulcanized to a metallic packer. 
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This synthetic material forms a seal at low 
pressures. As the fluid pressure increases, 
the thin edge of the backer ring expands 
against the walls of the packing recess, back 
ing up and reinforcing the synthetic and 
preventing extrusion. This forms a metallic 
seal at the higher pressures. Full pressure 
range is automatically covered without man 
ual or mechanical tightening of the packing 
Available in sizes from 1/8 in. to 1 in. 
nominal tube size. Threaded and elbow 
connections to order. Designed for opera 
tion not exceeding 250 r.p.m. or 3,000 Ib. 
per sq. in. pressure. Operating temperature 
of synthetic packing ranges from 0 to 150 
deg. F. 


Pneumatic Pilot Valve 


Modern Products, Ltd., 952 So. Grand 
Ave., Los Angeles 15, Calif. 


This unit is designed for use a 3-way valve, 
normally open or closed, or as a 2-way valve, 
normally open or closed. One part is plug 
ged to obtain 2-way operation. The valve 
measures 34 in. overall with the piston 
fully extended, and may be hand, foot 
treadle, or cam operated. Aircraft-type pack 
ings on the piston rod are used as bearing 
points, thus eliminating metal-to-metal con 
tact within the valve. It is fully balanced 


261 








NEW MATERIALS AND PARTS 











and is claimed to operate under conditions 
of extreme pressure variation. Normally sup- 
plied with 1/8 in. I.P.T. ports with other 
size ports or threads available. 


Laminating Plastic 


Bakelite Corp., 300 Madison Avenue, 
New York 17, N. Y. 


Bakelite C-5 Laminating Resin XJ-17694, 
is designed specifically as a surfacing ma- 
terial for decorative laminates. In physical 
form, XJ-17694 is a xylene-toluene solution 
with a resin content of 50 per cent. It is 
rated number 10 on the Gardner Color 
Scale with a viscosity reading of 15 to 18 
centipoises, specific gravity of approximately 
1.0 and a flash point of 45 deg. F. Its 
weight per gallon is 8.3 lbs. The properties 
claimed for this material include broad colo: 
range, flexibility, and abrasion, chemical, 
craze, stain, and arc resistance. 


Umbrella Plug 


Cherry Rivet Co., 231 Winston St., Los 
Angeles 13, Calif. 


This item has been developed to aid the 
users of Cherry Rivets who have found it 
desirable to have the head of the rivet match 
or harmonize with the surface color or tex 
ture of the material being fastened. The plug 
fits into the center of the hollow type 
Cherry rivets and furnishes a cap that 
covers the head of the rivet. These 
plugs, which are available in aluminum, 
copper or plastic, can be colored to match 
or harmonize with the surrounding surface. 
The plug shank is knurled and tapered and 
fits tightly into the hollow center of the 
rivet. The pointed end of the shank is in 
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serted into the installed rivet, and the plug 
is pushed in by hand. Umbrella plugs 
may be used in hollow type Cherry rivets of 
1/8 in., 5/32 in., 3/16 in. and 1/4 in. 
diameters. 


Cube Cap 


Eagle Electric Mfg. Co., Inc., 23-10 
Bridge Plaza South, Long Island City, 
N.Y. 


Reverse brass blades in this cap make all 
outlets usable. The unit is fastened to- 
gether permanently and invisibly and find- 
ing grooves are claimed to facilitate con- 
nections. These caps are available in two 
colors, brown and ivory. 





------- Reverse blades 
al outlets usable 


=) \~ Patented 
finding groove 
for all outlets 


44-Permanent invis- 
‘ble closing No un- 
e sightly screws 

















--Eagle pressurc contacts 
can not collapse 











Electric Motor 


Electro Engineering Industries, 800 N. 
Clark St., Chicago 10, IIl. 


The Model DS-105 motor, is approximately 
2-1/2 in. long by 1-3/4 in. diameter. It 
develops 1 in. oz. torque at 8000 r.p.m. and 
4-in.-oz. locked torque (8000 r.p.m.). Horse 





powers from 1/1000 to 1/80 are available 
in this model; other stock models with in- 
creased horsepower are offered. A governor, 
available on specifications, makes possible 
speed control within 1/4 of 1 percent. 


Air Drying Varnish 
John C. Dolph Co., Newark 5, N. J. 


A flexible, oilproof finishing varnish, No. 
238. Of a non-pigmented formulation it 
possesses a high wet and dry dielectric 
strength; the wet dielectric being over 600 


volts per mil and the dry dielectric ove: 
1300 volts per mil. It affords a non-fading 
opacity with excellent hiding power and 
coverage. The slow initial set of this grack 
provides ease in application whether brush 
ing, dipping or spraying. This is not a bak 
ing varnish and is not intended for coil 
impregnation. 


Drafting Stencils 
75 Arch St., 


Instrumaster Industries, 
Greenwich, Conn. 


These stencils are for isometric and dimetric 
drawings. They are cut from clear plastic 
stock 0.040 in. thick, and the graduations 
and lettering are debossed on the lower side 
The stencils provide inch graduations at ful 
scale (or half scale in the case of one edge 
in dimetric stencils) along one vertical and 
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two slanted edges. Each stencil is provided 
with 27 ellipse openings correctly represent 
ing, in the individual projections, circles 
from 1/8 in. to 2 in. diameter. Allowance 1s 
made on this stencil for pencil point or let 


tering pen thickness. 


Rubber Flexible Coupling 
Flexible Coupling Mfg. Co., 6220 Ellis 


Ave., Chicago 37, Illinois 
This unit is of one-piece rubber construc 
tion with no loosely connected parts. Flex 
ibility over the entire coupling is assured. 
with vibration and noise dampened and 





Machined steel 
bushing “7 


© @ 


Brass ferrule > 





friction of compressed 

rubber on screw prevents 
screw loosening through 

vibration 














starting torque cushioned. The coupling 
protects mechanical seals and serves as 1 
sulation between shafts. Available in lengths 
from 1 1/2 in. to 9 in. with stops every 1/8 
in. Bores, 5/16, 3/8, 7/16, and 1/2 inches. 
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Calculations of Geometrical Dimensions on Drawn Parts 


WHEN A PART is plastically deformed, its 
geometrical dimensions become interdepend- 
ent. If the volume is kept constant, any 
changes in one dimension will obviously 
produce a change in the others. In any 
given instance all of these changed dimen- 
sions can be calculated from the factors and 
formulas in Table I. The basis for this tabu- 
lation is the formula 


V = Ao X lo = A X Ii (refer to 


Fig. 1) 
where V = volume 

Ao = cross-sectional area before de- 
formation 

A, = cross-sectional area after de- 
formation 

lo = length before deformation 

1, = length after deformation 


In order to calculate the work done in 
deformation, and the other factors, the dis- 
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placed volume, or V,, must be determined. 
This value V, is derived as follows: (refer to 
Fig 2) 


fr, - & 


= Ao ——" do 
i= log. X V = 2 log. 7 x 
’ Ag+ A 


= 9 


“ 


x Al 


or according to Table IT 


Va = V & factor 
Continucd ) 
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Symbol | Formulas for rounds and symmetrical profiles 
OO} DOO} CO] O [unica 
| d lL. “ad d le a in Y . ofa |. | - |. Measurement 
y Volume before and | y 
after drawing . —— 
{ Cross-section 
‘ before 
12x0.785] d2x0) = | d?x0.705 | d?0.867 | d°x0.828 | sq.in. 
Cross-section 
A, 
atter 
l, length before 
] V/A in, 
ly length after 
7 
Diameter or thick- 
ness before = — 
| V1.273A)V1.733A JV AV 1AI8A]V 1.1544] V 1.2084] in. 
} Diameter or thick- } 
“Ts ness after 
! 
Percent decrease Ay — Ay 
AA In cross-section AA ra x 100 } percent 
Percent increase ly — 1, 
Al iss lesen | Al —7— «x 100 percent 
Percent decrease d 
Ad in diameter or Ad x 100 percent 
thickness | 
ny NY A aces 
: — 
Ao Vg \ 
' _ as s 
——- 
pave | 
TT a rccnttpesonnl 
FIG.2 AY 
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Dimensions C lat Calculations Calculations Calcula- 
On Drawn Parts ig for for tions for 

A= A= = l= d,= d= f= 

MA A.XxF A,+F LxF LtF Ad d,xF d.> F VXF 

Yo 
F = Factor 
1 1.0101 0.99 1.01 0.99 1.0101 0.50 1.006 0.9950 0.0100 
2 1.0204 0.98 2.04 0.98 1.0204 1.01 1.010 0.9899 0.0202 
3 1.0309 ().97 3.09 0.97 1.0309 1.51 1.015 0.9849 0.0305 
4 1.0417 0 96 4.17 0.96 1.0417 2.02 1.020 0.9798 0.0408 
5 1.0526 0.95 5.26 0.95 1.0526 2.53 1.025 0.9747 0.0513 
6 1 0638 0.94 6.38 0.94 1.0638 3.05 1.031 0.9695 0.0619 
‘ 1.0753 0.93 53 0.93 1.0753 3.56 1.037 0.9644 0.0726 
8 1.0870 (0.92 8.70 0.92 1.0870 4.08 1.042 0.9592 0.0834 
9 1.0989 0.91 9.89 0.91 1.0989 461 1.048 0.9539 0.0943 
10 1.1111 0.90 11.11 0.90 LET 5.13 1.054 0.9487 0.1054 
Example 1: Given round piece: 7 11236 0 89 12% 0.89 11236 5 ky 1.060) 0.9434 0.1165 
= sagem 12 1.1364 | 088 13.64 | O88 | 1.1364 6.19 1.066 | 0.9381 0.1278 
pail tates 13 1.1494 | 0.87 1494 | 087 | 1.1494 6.73 | 1.072 | 0.9327 | 0.1393 
lherefore, from Tables I and II: 14 1.1628 0.86 16.28 0.86 1.1628 7.26 1,078 ().9274 0.1508 
- - +d aoa 13 1.1765 0.85 17 65 0.85 | 1.1765 7.81 1.084 | 0.9219 | 0.1625 
a a 250 8367; 16 1.1905 0.84 19.05 0.84 1.1905 8.35 1.091 0.9165 0.1744 
17 1.2048 0.83 20.48 0.83 1.2048 8.90 1.097 0.9110 0.1863 
= 25° X 0.785; 18 1.2195 | 0.82 21.95 | 0.82 | 1.2195 9.45 1.104 | 0.9055 | 0.1985 
pm aPKC XOM io | 1.236 1 a8 23.46 | 081 | 12346 | 10.00 | 1.111 | 0.9000 | 0.2107 
2() 1.2500 0.80 25.00 0.80 1.2500 10.56 1.118 0.8944 0.2237 
| 
2] 1.2658 ().79 26.58 ().79 1.2658 AE fe. 1.124 0.8888 0.2357 
22 1.2821 ().78 3.21 (0.78 1.2821 11.68 1.132 ().8832 (0).2485 
23 1.2987 0.77 87 (0.77 1.2987 12.25 1.140 0.8775 0.2614 
Example 2: Given square piece 24 1.3158 0.76 58 ().76 1.3158 12.82 1.147 0.8718 0.2744 
qo = 30 in. width 25 1.3333 0.75 3.33 0.75 1.3333 13.40 1.155 0.8660 0.2877 
d; = 25 in. width % 1.3514 (0.74 14 ().74 1.3514 13.98 1.162 (0.8602 0.3011 
lo = 1,200 in. 27 1.3699 ().73 9 ().73 1.3699 14.56 1.170 0.8544 ().3147 
Therefore, from Tables I and II: 28 1.3889 ().72 89 ().7 1.3889 15 Liv7 0.8485 0.3285 
Ay = 3 = 900; 29 1.4085 0.71 85 0.71 1.4085 15.74 1.186 (0.8426 ().3425 
A, = 25? = 625 30) 1.4286 0.70 42.86 0.70 | 1.4286 16.33 1.195 0.8367 0.3567 
AA = 30.5 percent; 

Ad = 16.7 percent; 3] 1.4493 0.69 44.93 0.69 1.4493 16.93 1.204 0.8307 0.3711 
Al = 42.9 percent 32 1.4706 0.68 7.06 0.68 1.4706 17.54 1.213 0.8246 0.3857 
1 = 1,200 x 1.429= 33. | 1.492 0.67 49.25 | 0.67 | 1.4925 18.15 1.221 | 0.8185 | 0.4005 
1714.8 in. 34 S152 0.66 51.52 0.66 1.5152 18.76 1231 0.8124 0.4155 
35 1.5385 0.65 53.85 0.65 1.5385 19.38 1.240 0.8062 0.4308 
36 1.5625 0.64 56.25 0.64 1.5625 20.00 1.250 0.8000 0.4463 
37 1.5873 0.63 $8.73 0.63 1.5873 20.63 1.259 0.7937 0.4620 
38 1.6129 0.62 61.29 0.62 1.6129 21.26 1.270 0.7874 0.4780 
39 1.6393 0.61 63.93 0.61 1.6393 21.90 1.280 0.7810 0.4943 
40) 1.6667 0.60 66.67 0.60 1.6667 22.54 1.291 0.7746 0.5108 
4] 1.6949 0.59 69.49 0.59 1.6949 23.19 1.302 0.7681 0.5276 
420) 17241 | 058 7241 | 0.58 | 1.7241 | 23.84 | 1.313 | 0.7616 | 0.5447 
43 1.7544 0.57 75.44 0.57 1.7544 24.50 1.324 0.7550 0.5621 
44 1.7857 0.56 78.57 0.56 1.7857 25.17 1.336 0.7483 0.5758 
4§ 1.8182 0.55 §1.82 OSS 1.8182 75.84 1.348 0.7416 0.5978 
46 1.8519 0.54 85.19 0.54 1.8519 26.52 1.360 0.7348 0.6162 
$7 1.8868 0.53 88 68 0.53 1.8868 97.20 1.373 0.7280 0 6349 
48 1.9231 0.52 92.31 0.52 1.9231 27.89 1.386 0.7211 0.6539 
49 1.9608 0.5] 96.08 0.51 1.9608 28.59 1.400 0.7141 0.6734 
SO 2.0000 0.50 100.00 0.50 2.0000 29.29 1.414 0.7071 0.6932 
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